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MEASUREMENTS  AT  RIVER  STATIONS.' 


WISSAHICKON  CREEK  NEAR  PHILADELPHIA,  PENNSYLVANIA. 

This  Station  is  described  in  the  Twentieth  Annual  Report,  Part  IV, 

page  94,  followed  by  tables  of  monthly  flow  for  1897  and  1898.     In 

Water-Supply  Paper  No.  35,  page  74,  will  be  found  the  figures  for  the 

daily  discharge  for  1899,  ending  with  June  5,  when  the  observations 

were  discontinued  temporarily,  and  were  not  again  resumed  until 

July  1,  1900.     The  figures  for  monthly  flow  for  1899  and  diagrams  of 

daily  discharge  for  the  entire  period  of  observation  (1897  to  1899,. 

inclusive)  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 

pages  81  and  82.    The  following  tables  contain  the  figures  for  the  daily 

discharge  from  which  the  diagrams  were  constructed,  a«  well  as  those 

for  1900,  diagram  for  which  is  not  yet  plotted. 

Daily  discharge,  in  second-feet,  of  Wiamhickon  Cre^k  near  Philadelphia,  Penn' 

aylvania,  for  1897. 


Day. 

May. 

June. 

July. 
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63 
60 
56 
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Aug. 
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Sept. 
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Nov.      Dec. 
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108  OPERATIONB   AT   BIVEB   STATIONS,   1900. — PART    11.         [^o  «. 

Dail]/  discharge,  in  aecond-feet.  of  WUaahickon  Creek  near  Philadelphia.  Pennxifl- 
vania,  for  1S98. 
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n  aecond-feet,  of  Wisighickon  Creek  near  Philadelphia 
vania,  for  J899. 
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CHUYLKILL  RIVER  ABOVE  PHILADELPHIA,  PENNSYLVAKIA. 
s  river  is  described  in  Water- Supply  Paper  No.  35,  page  74.  Rec- 
if  the  height  of  the  river  at  Fainnount  dam  have  been  kept  for 
years,  but  measurements  for  computing  the  daily  discharge  were 
ade  until  1898.  The  first  of  the  following  tables  does  not  represent 
tal  flow  of  the  stream,  but  the  amount  wat^ted  overthe  flashboards 
)  dam,  to  which  must  be  added  the  pumpage  from  the  river,  the 
a:e,  and  the  quantity  used  for  power  at  FairroouEt.  The  second 
is  an  estimate  of  the  total  monthly  yield,  in  cubic  feet,  including 
regoing  items.  The  figures  were  furnished  by  Mr.  John  E,  Cod- 
liydrographer  for  the  water  department  of  the  city  of  Philadelphia. 
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Daily  discharge,  in  gecond-feet.  of  Witsahickon  Creek  near  Philadelphia.  Fennnyh 
vania.  for  1S98. 
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SCHUYLKILL  RIVER  ABOVE  PHILADELPHIA,  PENNSTLVANIA. 
in  river  ia  described  in  Water- Supply  Paper  No.  35,  pa^e  74.  Rec- 
>f  the  height  of  the  river  at  Fairmount  dam  have  been  kept  for 
■  years,  but  measurements  for  computing  the  daily  discharge  were 
ade  until  1898.  The  first  of  the  following  tables  does  not  i-epresent 
ital  flow  of  the  stream,  but  the  amount  wa.sted  over  the  fiashboards 
e  dam,  to  which  must  be  added  the  pumpage  from  the  I'iver,  the 
ge,  and  the  quantity  used  for  power  at  Fairroount,  The  second 
is  an  estimate  of  the  total  monthly  yield,  in  cubic  feet,  including 
)regoing  items.  The  figui-es  were  furnished  by  Mr.  John  E.  C'od- 
hydrographerforthewat«rdepaitmentofthe  city  of  Philadelphia. 
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110  OPERATIONS    AT   RIVER   STATIONS,  1900. PART   II.         [no.IS. 

ToUd  monthly  yield  of  SchuykiU  River  above  Philadelphia,  PBtimsylvania.for  lUiH). 


M. 

nth. 

Yield, 

SSS?^ 

.BMk 

Month. 

TIeld. 

OuMe/Mt, 

NORTH    BRANCH    OF    SUSQUEHANNA    RIVER   AT   WILKBSBARRE,   PENN- 
SYLVANIA. 

This  Station,  which  was  established  by  E.  G.  Paul  March  30,  lrt99, 
is  ilescribed  in  Water-Supply  Paper  No.  35,  page  76.  The  results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
R«port,  Part  IV,  page  8H.  A  bench  mark  was  established  September 
2(i,  1900,  being  the  extreme  west  end  of  the  stone  doorsill  of  the  north 
entrance  to  the  Coal  Exchange  Building,  at  3^,99  feet  above  datum 
of  the  gage.  During  1900  two  measurements  of  discharge  were  made 
by  Mr.  Paul,  as  follows: 

May  30:  Qage  height,  5.60  feet:  discbarge,  6,772  aecond-feet. 

September  20;  Qage  height,  3.30  feet;  discharge,  001  seoond-feet. 
The  measurement  of  September  36  was  made  at  Retreat,  Pennsyl- 
vania, 10  miles  below  Wilkesbarre. 


Da  iiy  gage  height,  i 


feet,ofXorth  Bratsk  of  Suaqueham 
Pennsylvania,  for  1900. 


1  River  at  Wilke^iari 


Apr. 

Mas-. 

,W 

.10 

... 

.,11 

.,|m,. 


an  I  !.70     3.(10 


m     3.  to     2. 


30      3.U0      It. 


ititHtslm^atiauuigg^ 


PENNriYLVANIA. 


'.July.  I  Aug.  Sept.  I  Oft. 


r  Philadelphia.  PfHugs/t- 


IS      IS      ta    3».. 


IS        «        13  I 


UYLKILL   RIVER   ABOVE   PHILADELPHIA,  PENNSYLVANIA. 

iver is  described  in  W'atei-Supply  Paper  No.  35,  page  74.  Ree- 
he  height  of  the  river  at  FairmouDt  dam  have  teen  kept  for 
ars,  but  measurements  for  computinii;  the  daily  discharge  were 
!  until  1898.  The  first  of  Mie  following  tables  does  not  represent 
flow  of  the  stream,  but  the  amount  wasted  over  the  flash boai'ds 
am,  to  which  must  be  added  the  pumpage  from  the  river,  the 
and  the  quantity  used  for  power  at  Fairraount.  The  second 
ftn  estimate  of  the  total  monthly  yield,  in  cubic  feet,  including 
foing  items.  The  figures  were  furnished  by  Mr.  John  E.  Cod- 
Irographerforthe  water  department  ofthe  city  of  Philadelphia. 


l.lHtl       l.Stl 


Apr-      May. 
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July. 

1^. 

■■i 
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OPERATIONS    AT    RIVER   STATIONS,   1900. PART    II.        [no.  48. 


Total  monthly  yield  of  Schnykill  River  above  Philculelphia,  Peniutylvania^for  mXf, 


Month. 


Yield. 


Cubic  feet. 

Jannary 6, 610, 500,  (MX) 

February 83,771, 128.  ttX) 

March 14,666,146,000 

ApHl i    5,730,472,000 

Jfay I    5,073,978,000 

June 3,743,671.000 


Month. 


July 

Augrust 

September 

October 

Novemlwr. 
December  . 


Yield. 


Cubic  feet. 

2,856,566,000 

2,040,927,000 

1,229,059,000 

1.372.271,000 

1.579,652,000 

3,429,617.000 


NORTH    BRANCH    OF    SUSQUEHANNA    RIVER    AT  WILKBSBARRE,   PENN- 

SY^LVANIA. 

This  station,  which  was  established  by  E.  G.  Paul  March  30,  1899, 
is  described  in  Water-lSiipply  Paper  No.  35,  page  76.  The  results  of 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  88.  A  bench  mark  was  established  September 
26, 1900,  being  the  extreme  west  end  of  the  stone  doorsill  of  the  north 
enti*ance  to  the  Coal  Exchange  Building,  at  32.99  feet  above  datum 
of  the  gage.  During  1900  two  measurements  of  discharge  were  made 
by  Mr.  Paul,  as  follows: 

May  20:  Gage  height,  5.60  feet;  discharge,  6,772  second-feet. 
September  26:  Gage  height*  2.20  feet;  discharge,  961  second-feet. 

The  measurement  of  September  26  was  made  at  Retreat,  Pennsyl- 
vania, 10  miles  below  Wilkesbarre. 

DaHy  gage  height,  in  feet,  of  North  Branch  of  Susquehanna  River  at  Wilkeslntrre, 

Peujiaylvania,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

3.80 
3.70 
4.20 
3.90 
3.70 
3.80 
3.70 
3.60 
3.60 
3.80 
3.90 
4.30 
4.30 
4.80 
4.30 
4.00 
3.80 
3.60 
3.50 
3.40 
3.30 
3.20 
3.60 
3.30 
3.30 
3.20 
3.20 
3.10 
a  10 
3.10 

July. 

-    _ 

3.00 

2.80  1 

2.70 

2.90 

2.90 

3.40 

3.90 

3.60 

3.40  ' 

3.20 

3. 10 

2.90 

3.00 

3.00 

3.00  , 

3.(10 

2.90  . 

2.90 

2.80  ' 

3. 10  i 

3.20 

8.10  1 

8.00 

2.90  1 

2.90 

4.00 

3. 70  1 

3.40  , 

3.20  1 

3.30  1 

3.30 

1 

Aug. 

3.20 
3.20 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.50 
2.5(» 
2.4() 

5.5r» 

2.50 

2.80 

3.00 

2.90 

2.60' 

2.70 

2.80 

2.80 

3.10 

3.10 

Sept. 

3.10 
3.00 
3.10 
3.00 
2.90 
2.80 
2.70 
2.70 
2.60 
2.60 
2.70 
2.70 
2.70 
2.50 
2.40 
2.50 
2.40 

2.;« 

2.20 
2.2C 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.;J0 
2.20 
2.20 
2.30 

Oct. 

2.30 
2.30 
2.30 
2.30 

2.  a) 

2.20 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.40 
2.40 
2.50 
2.70 
2.60 
2.60 
2.70 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.60 

Nov. 

Dec. 

1 

2 

6.80 
6.20 
6.40 
6.80 

7.a) 

7.00 
6.90 
6.80 
6.50 
6.10 
5.80 
5.90 
5.60 
5.90 
5.60 
5.50 
5.50 
5.20 
6.10 
6.8(1 
U.ft.'i 
16.  Hi) 
13.50 
10. ;« 
8.50 
7.80 
7.90 
6.20 
9.20 
9.00 
H.70 

7.40 

6.80 

6.30 

6  50 

8.40 

8.50 

7.90 

7.80 

14.45 

9.20 

9.80 

9.20 

9.20 

12.10 

13.  (» 

11.80 

9.20 

7.70 

8.90 

10.70 

9.80 

11.40 

16. 10 

14.75 

11.00 

H.80 

7.00 

8.50 

10.40 
17.75 
14.55 
11.80 
9.90 
8.40 
8.20 
8.10 
7.70 
8.40 
9.00 
7.80 
6.80 
6.30 
5.70 
5.70 
9.00 
8.10 
8.30 
8.50 
10.85 
9.70 
9.20 
8.40 
9.90 
8.70 
8.10 
7.10 
7.a) 
0.80 
6.50 

6.90 

7.50 

9.80 

11.20 

11.10 

9.44) 

9.60 

11.70 

12.20 

10.90 

9.20 

7.90 

7.30 

7.70 

8.10 

7.80 

7.60 

10.03 

12.45 

12.40 

11.10 

10.00 

9.50 

11.30 

10.70 

9.50 

8.40 

7.50 

6.90 

6.50 

6.10 
5.80 
5.50 
5.30 
5.20 
5.00 
4.80 
4.70 
4.60 
4.50 
4.50 
4.80 
4.90 
4.80 
4.70 
4.70 
4.90 
5.00 
5.10 
5.60 
5.20 
5.00 
4.80 
4.60 
4.50 
4.30 
4.10 
4.00 
3.91) 
3.80 
8.70 

2.70  i  10.50 
2.60  1    9.20 

8 

2. 60       8. 10 

4 

2.50       7.40 

5 

2. 70       9. 20 

6 

2.80     11.  W 

7 

3. 00     11  .«) 

8 

2.90 
2.90 
2.90 
8.00 
8.10 
3.30 
3.50 

)).9() 

9 

H.90 

10 

8.20 

n 

7.50 

12 

6.60 

13 

«.20 

u 

6.10 

16 

3.60 

alO.-K) 

16 

3.40       ^i.8() 

17 

8.80  1    i).20 

18 

8.20  '    H.70 

19 

8.20  1    H.ao 

20 

3.10  1    J».«0 

21 

8.10  1    t*.40 

22 

3.20 

U.I  4) 

23 

3.60 

4.00 

4.30 

4.70 

16.75 

20.75 

14.65 

11.80 

1 

24 

25 

26 

27 

28 

29 

30 

31 

11.40 
11.40 

u  Ice  backed  water  at  gage. 
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Daily  gage  height,  in  feet,  of  Juniata  River  at  Newport,  Pennsylvania,  for  1900, 


Day. 

1 

Jan. 

1 

4.10 
4.10 
4.60 
5.00 
5.00 
4.70 
5.20 
4.00 
4.20 
4.10 
4.10 
4.80 
4.60 
4.20 
3.90 
3.50 
4.10 
3.80 
4.20 
4.90 
10.60 
10.20 
7.20 
6.00 
5.20 
5.00 
4.80 
4.40 
4.40 
4.20 
4.10 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

S6 

27 

28 

29 

ao 

31 

Feb. 


3.70 
3.40 
3.40 
3.50 
3.80 
4.40 
4.10 
4.20 
5.10 
5.00 
4.80 
4.60 
5.40 
9.40 
7.60 
5.90 
5.30 
4.90 
4.10 
4.20 
4.40 
11.70 
11.10 
8.20 
5.90 
4.50 
4.40 
4.60 


Mar. 

Apr. 

5.90 

4.50 

12.90 

4.50 

8.00 

4.50 

6.00 

4.40 

5.50 

4.50 

5.40 

4.60 

6.00 

4.50 

6.40 

4.40 

5.60 

4.40 

5.40 

4.40 

5.10 

4.40 

5.10 

4.30 

4.90 

4.30 

4.80 

4.30 

4.70 

4.30 

4.60 

4.10 

4.10 

4.00 

4.10 

4.00 

4.10 

4.40 

4.40 

4.70 

6.50 

4.50 

6.50 

4.50 

5.70 

4.50 

5.70 

4.70 

5.60 

4.70 

5.40 

4.70 

5.10 

4.40 

5.00 

4.30 

4.80 

4.20 

4.60 

4.20 

4.50 

May.   Jane. 


3. 
3. 


4.10 
4.10 
4.00 
3.90 
80 
70 
3.70 
3.70 
3.60 
3.00 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.40 
3.40 
3.50 
3.70 
4.00 
a  70 
3.70 
3.60 
8.50 
3.60 
3.20 
3.30 
3.30 
3.30 
3.30 


3.30 
3.30 
3.40 
3.70 
3.60 
3.4(» 
3.40 
3.30 
3.40 
3.50 
3.40 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.20 
3.20 
3.60 
3.40 
3.30 
3.30 


July. 


3.30 
3.20 
3.10 
3.10 
3.10 
3.10 
3:10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
8.20 
3.10 
8.10 
3.10 
8.10 
3.00 
3.00 
3.00 


Aug. 


3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
80 
80 
2.80 
2.80 
2.80 
2.80 
2..80 
2.80 
3.30 
3.30 
3.70 
3.40 
3.30 
3.70 
3.60 


2. 

2. 


Sept 


•» 


3.30 
3.20 
3.20 
3.10 
90 
90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 


Oct. 


2.80 
2.90 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

3.  a) 

3.00 
2.90 
3.70 
3.40 
3.30 
3.30 
3.20 
3.20 
3.10 
3.00 


Nov. 


Dec. 


3.00 : 

4.40 

3.00  1 

4.10 

3.00 

3.90 

3.00 

3.90 

3.90  1 

5.50 

2.90  ' 

7.00 

3.00  1 

6.30 

3.00 

5.20 

3.00 

4.60 

3.00 

4.50 

2.90 

4.30 

2.90 

4.20 

2.90 

4.00 

2.90 

3.80 

3.<J0 

3.70 

3.00 

3.70 

3.00  1 

3.60 

3.00 

3.80 

3.00  1 

3.50 

3.00 

3.70 

3.00 

3.80 

3.00  1 

3.80 

3.10 

3.60 

3.10 

3.40 

4.a) 

3.80 

6.30  i 

3.50 

11.60 

3.30 

8.00  1 

3.20 

5.70 

3.20 

4.80  1 

3.20 

1 

3.20 

SUSQUEHANNA  RIVER  AT  HARRISBURG,  PENNSYLVANIA. 


Gage-height  observations  were  established  at  this  station  by  E. 
Mather,  president  of  the  Harrisburg  water  board,  in  1890.  Discharge 
measnrements  were  first  made  by  E.  G.  Paul  on  March  31,  1897,  from 
the  Wahiut  street  bridge.  The  station  is  described  in  Water-Supply 
Pai)er  No.  35,  page  80.  The  datum  of  this  gage  is  the  low- water  mark 
of  1803,  which  is  recorded  on  a  large  rock  above  the  bridge.  During 
1900  three  measurements  were  made  by  Mr.  Paul,  as  follows: 

May  16:  Gkige  height,  2.43  feet;  discharge,  17,621  second-feet. 
September  21:  Gage  height,  0.08  foot;  discharge,  2,655  second-feet. 
September  28:  Gage  height,  —0.04  foot;  discharge,  2,357  second-feet. 
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OPERATIONS    AT    RIVER   STATIONS,   1900. PART    II.         [no. 


Daily  gage  heights  in  feet^  of  West  Branch  of  Susquelmnna  River  at  Allenico 

Pennsylvania,  for  1900, 


Day. 

Jan. 

4.50 
6.50 
5.70 
5.80 
5.90 
5.90 
6.90 
4.70 
3.70 
3.90 
4.30 
4.60 
4.40 
4.20 
4.00 
4.00 
4.00 
4.30 
4.50 
5.30 
13.20 
12.20 
8.50 
6.50 
6.30 
6.10 
5.30 
4.60 
4.60 
4.50 
3.30 

Feb. 

3.20 
3.20 
3.40 
3.40 
3.50 
8.60 
3.80 
4.50 
5.00 
5.80 
6.60 
5.30 
6.00 
7.70 
7.30 
6.50 
6.30 
5.40 
6.60 
5.90 
6.00 
8.20 
10.15 
7.85 
6.50 
6.00 
5.00 
4.80 

Mar. 

1 

'    7.55 

;  9.60 
7.70 

1  7.00 
6.00 
5.40 
5.80 
5.90 
6.10 
6.40 
6.90 
6.20 
5.40 

1  5.00 
4.00 
4.00 
3.90 

•  3.80 
3.70 
6.20 
7.10 
6.90 
6.60 
6.10 
6.90 
6.50 
6.20 
5.10 
5.00 
4.90 
4.80 

Apr. 

5.00 
5.30 
6.40 
6.80 
5.90 
6.20 
0.40 
6.30 
7.30 
6.00 
5.70 
5.3r) 
4.90 
4.80 
4.80 
4.60 
4.70 
6.00 
7.00 
6.90 
6.30 
6.20 
6.00 
6.30 
6.  (JO 
5.60 
5.30 
4.80 
4.60 
4.40 

May. 

4.30 
,    4.20 
4.20 
4.00 
8.80 
3.60 
,    3.30 
3.30 
3.20 
3.20 
3.30 
3.30 
3.50 
3.40 
3.40 
3.30 
3.30 
3.30 
3.60 
3.50 
3.30 
3.20 
3.00 
3.00 
3.00 
3.00 
3.40 
3.30 
8.00 
3.00 
8.30 

June. 

July. 

2.10 
2.30 
2.60 
2.50 

2.  a) 

2.30 
2.20 
2.20 
2.20 
2.30 
2.50 
2.70 
2.90 
2.80 
2.60 
2.60 
2.50 
2.40 
2.20 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
2.30 
2.20 
2.20 
2.20 
2.00 

Aug. 

Sept. 

Oct. 

1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 
1.80 
2.30 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.10 
2.00 
1.90 
1.90 
2.10 
2.30 
2.40 
2.50 
2.60 
2.40 
2.40 
2.30 
2.30 

Nov. 

E 

1 

1 

3.90 
8.90 
3.90 
4.00 
4.10 
3.90 
3.60 
3.50 
3.40 
8.30 
3.30 
3.00 
3.00 
3.00 
3.00 
3.00 
2.00 
2.80 
2.70 
2.70 
2.60 
2.50 
2.40 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 
2.10 

1.90 
1.80 
1.80 
1    1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.50 
1.40 
1.50 
1.60 
1.40 
1.40 
1.40 
1.4(» 
1.40 
1.40 
1.40 
1.40 
2.80 
2.30 
2.80 
2.30 
2.30 
2.30 
2.30 
2.10 
2.10 
2.00 

2.00 
1.90 
1.90 
1,80 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

2.10 

2 

2.10      ! 

8 

2.10      i 

4 

2.10      i 

6 

2.10       i 

6 

2.00  '    ( 

<    .............. 

1.90  i    1 

8 

1.90  '    4 

9 

1.90  1    J 

10 

1.90  '. 

11 

12 

1.90 
I.IK) 

• 

13 

1.90 

14 

1.90     : 

15 

1.90 

16 

1.80  1   ; 

17 

i.HO     : 

18 

1.80 

19 

1.70     ; 

20 

1.70     « 

21 

1.70  1   : 

22 

1.90  '   : 

23 

2.40 

24 

26 

« 

27 

38 

29 

80 

81 

3.00 
5.00 
7.70 
15. 75 
10.05 
8.25 
6.60 

JUNIATA  RIVER  AT  NEWPORT,   PENNSYLVANIA. 

This  station,  which  was  established  March  21,  1899,  by  K.  G.  Pai 
is  described  in  Water-Supply  Paper  No.  35,  page  79.  The  results 
measurements  for  1899  will  be  found  in  the  Twenty-first  Annu 
Report,  Part  IV,  page  91.  The  bench  mark  is  the  extreme  east  ei 
of  the  stone  doorsill  of  the  south  entrance  of  Butz's  store,  on  tlie  rig 
bank,  and  is  28.83  feet  above  datum  of  the  gage.  During  1900  t^ 
measurements  of  discharge  were  made  by  Mr.  Paul,  as  follows: 


May  17:  Gage  height,  3.40  feet;  discharge,  1,778  second-feet. 
September  22:  Gage  height,  2.80  feet;  discharge.  418  second-feet. 


PENNSYLVANIA. 
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DaUy  ffoge  height,  in  feet,  of  Juniata  River  at  Newport,  Pennsylvania,  for  rji/u. 


Day. 

Jan. 

4.10 
4.10 
4.00 
5.00 
5.00 
4.70 
5.20 
4.00 
4.20 
4.10 
4.10 
4.80 
4.00 
4.20 
3.90 
3.50 
4.10 
3.80 
4.20 
4.90 
10.60 
10.20 
7.20 
6.00 
5.20 
5.00 
4.80 
4.40 
4.40 
4.20 
4.10 

1 

■» 

3 

4 

5 

< 

• 

1    .....••.•••.*• 

« 

9 

10 

11 

1* 

13 

14 

IS 

M 

17 

Ig 

» 

a 

4* 

a 

SI 

s 

s 

n 

s 

9 

» 

A 

Feb. 


Mar. 


3.70 
3.40 
3.40 
3.50 
3.80 
4.40 
4.10 
4.20 
5.10 
5.00 
4.80 
4.60 
5.40 
9.40 


7.60 
5.90 
5.90 
4.90 
4.10 
4.20 
4.40 
11.70 
11.10 
8.20 
5.90 
4.50 
4.40 
4.00 


5.90 
12.90 
8.00 
6.00 
5.50 
5.40 
6.00 
6.40 
5.60 
5.40 
5.10 
5.10 
4.90 
4.80 
4.70 
4.60 
4.10 
4.10 
4.10 
4.40 
6.50 
6.50 
5.70 
5.70 
5.60 
5.40 
5.10 
5.00 
4.80 
4.60 
4.50 


Apr. 


4.50 
4.50 
4.50 
4.40 
4.50 
4.60 
4.50 
4.40 
4.40 
4.40 
4.40 
4.30 
4.31) 
4.30 
4.30 
4.10 
4.00 
4.00 
4.40 
4.70 
4.50 
4.50 
4.50 
4.70 
4.70 
4.70 
4.40 
4.30 
4.20 
4.20 


May. 


4.10 
4.10 
4.00 
8.90 
3.80 
3.70 
8.70 
3.70 
3.60 
3.60 
3.50 
3.60 
3.50 
3.50 
3.50 
3.50 
3.40 
3.40 
3.50 
3.70 
4.00 
a  70 
3.70 
3.60 
3.50 
3.60 
3.20 

aso 
aso 
aso 
a  30 


June. 


a 

3. 


aso 
a  30 
a  40 
a  70 
a  60 
a  40 
a  40 
a  30 

40 
50 

a  40 
aso 
a  30 
a  30 
a  30 
a  30 
aso 

3.30 

aso 
a  30 
a  30 
aso 
a  30 
aso 
a  20 
a  20 
a  60 
a  40 
a  30 
a  30 


July. 


a  30 
a  20 
a  10 
a  10 
a  10 
a  10 
a  10 
a  10 
a  10 
a  10 

3. 10 
3. 10 

a  10 
a  00 
a  00 
a  00 
a  00 
a  00 

2.90 
2.90 
2.90 
2.90 
2.90 

a  20 
a  10 

10 
10 

a  10 
a  00 
a  00 
a  00 


3. 
3. 


Aug. 

8ept. 

a:«) 

Oct. 

- 

2.80 

Nov. 

_ 

a  (JO 

J-^OO* 

a  00 

4.40 

a  00 

a  20 

2.90 

a  00 

4.10 

a  00 

a  20 

a  00 

au) 

a  90 

a  00 

3. 10 

a  00 

3.00 

a  90 

a  00 

2.90 

2.90 

2.90 

5.50 

a  00 

2.90 

2.90 

2.90 

r.w 

2.90 

2.90 

2.90 

3.00 

6.30 

2.90 

2.80 

2.90 

a  00 

5.2r) 

2.90 

2.80 

2.90 

3.00 

4.60 

2.  HO 

2.80 

2.90 

3.00 

\.m 

2.80 

2.80 

2.90 

2.90 

4.30 

2.80 

2.80 

a  00 

2.90 

4.20 

2.80 

2.80 

a  00 

2.90 

4.aj 

2.80 

2.80 

3.00 

2.90 

3.80 

2.80 

2.80 

a  00 

a  (Ml 

a  70 

2.80 

2.80 

a  00 

a  00 

3. 70 

2.80 

2.80 

a  00 

a  00 

a  60 

2.80 

2.80 

a  00 

a  00 

aso 

2.80 

2.80 

a  00 

a  00 

a  50 

2.80 

2.80 

a(K) 

3.(N) 

3. 70 

2.80 

2.80 

a  00 

a  00 

a  80 

2.80 

2.80 

3.(X) 

a  00 

a  80 

2..80 

2.80 

2.90 

a  10 

a  60 

2.80 

2.80 

a  70 

a  10 

a  40 

aso 

2.80 

a  40 

4.  Oil 

a  80 

aso 

2.80 

aso 

6.3(1 

aso 

a  70 

2.80 

a  a) 

11.60 

aso 

a  40 

2.80 

a  20 

8.00 

a  20 

3  30 

2.80 

a  20 

5.70 

a  20 

a  70 

2.80 

a  10 

4.80 

a  20 

a  60 

a  00 

a  20 

SUSQUEHANNA   RIVER  AT  HARRISBURO,  PENNSYLVANIA. 


Gage-height  observations  were  established  at  this  station  by  E. 
Mather,  president  of  the  Harrisburg  water  board,  in  1H90.  Discharge 
meaHarements  were  first  made  by  E.  G.  Paul  on  March  31,  1897,  from 
the  Walnut  street  bridge.  The  station  is  described  in  Water-Supply 
Paper  No.  35,  page  80.  The  datum  of  this  gage  is  tlie  low- water  mark 
of  1803,  which  is  recorded  on  a  large  rock  above  tlie  bridge.  During 
190<)  three  measurements  were  made  by  Mr.  Paul,  as  follows: 

May  16:  Gage  height,  2.42  feet;  discharge,  17,621  second-feet. 
September  21:  Gage  height,  0.08  foot;  discharge,  2,655  second-feet. 
S^tember  28:  Gage  height,  —0.04  foot;  discharge,  2,357  second-feet 
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OPERATIONS    AT   RIVER   STATIONS,   1900. PART   U.        [no.  48. 


Daily  gage  height,  in  feet,  of  Stiaquehanna  River  at  HarrUiburg,  Pennsylvania, 

for  1900, 


Day. 

Jan. 

1.83 
1.66 
4.60 
4.91 
4.83 
6.25 
6.50 
5.83 
4.91 
4.68 
4.50 
5.60 
4.91 
6.25 
5.26 
5.25 
4.66 
5.00 
4.83 
4.00 
4.26 
10.66 
12.00 
9.16 
7.26 
6.08 
5.00 
4.60 
4.08 
8.33 
2.60 

FebL 

2.91 
1.88 
8.91 
4.00 
4.66 
4.83 
6.60 
6.00 
4.00 
4.83 
5.75 
5.50 
5.66 
7.66 
8.00 
8.26 
7.41 
6.00 
4.76 
8.91 
2.16 
3.68 
9.60 
11.16 
9.76 
6.88 
5  60 
4.60 

Mar. 

Apr.  i 

4.16 
4.00 
4.16 
4.41 
•5.33 
6.00 
5.41 
5.08 
6.16 
6.76 
6.50 
5.58 
5.00 
4.50 
4.83 
4.50 
4.41 
4.83 
5.08 
7.08 
7.33 
6.83 
6.08 
5.83 
6.00 
6.26 
5.75 
5.08 
4.58 
4.17 

May. 

Jane. 

July. 

Aug. 

Sept. 

1.00 
1.00 
.83 
1.17 
.92 
.83 
.68 
.58 
.58 
.60 
.42 
.33 
.17 
.25 
.25 
.35 
.25 
.17 
.08 
.12 
.08 
.07 
.06 
.04 
.04 
.03 
.00 
-0.04 
-0.04 
+0.04 

Oct. 

Nov. 

0.83 

.83 

.75 

.75 

.75 

.66 

.66 

.66 

.75 

.58 

.66 

.50 

.58 

.75 

.66 

.66 

.83 

.91 

.75 

.91 

.91 

.91 

.83 

1.00 

1.08 

1.66 

5.91 

13.04 

12.33 

8.91 

Dec. 

1 

4.00 
13.12 
12.83 
9.60 
7.91 
6.91 
6.00 
6.16 
6.60 
5.83 
5.66 
6.25 
5.75 
4.66 
4.60 
4.00 
3.66 
3.16 
8.00 
3.00 
3.91 
6.87 
6.83 
6.00 
6.75 
6.83 
5.60 
6.26 
4.83 
4.6i) 
4.41 

4.00 
3.75 
3.50 
3.33 
3.08 
2.83 
2.83 
2.75 
2.50 
2.50 
2.42 
2.33 
2.42 
2.42 
2.60 
2.40 
2.83 
2.33 
2.25 
2.50 
2.92 
2.17 
8.83 
2.58 
2.42 
2.25 
2.17 
2.00 
2.00 
2.00 
1.92 

2.68 
2.60 
2.33 
2.17 
2.60 
2.67 
2.50 
2.17 
2.17 
2.08 
2.00 
2.U) 
1.92 
1.92 
2.00 
2.17 
2.17 
2.00 
1.83 
1.83 
1.82 
1.75 
1.75 
1.58 
1.43 
1.33 
1.33 
1.33 
1.33 
1.17 

1.17 

1.08 

1.00 

1.08 

1.33 

1.17 

1.33 

1.17 

1.43 

1.43 

1.33 

1.17 

1.08 

1.08 

1.00 

1.00 

1.00 

1.08 

.92 

.93 

.83 

.75 

.75 

.75 

.75 

.88 

1.50 

1.25 

1.25 

1.43 

1.25 

1.25 
1.00 
1.00 
.92 
.75 
.67 
.67 
.58 
.60 
.58 
.60 

:i 

.25 

.17 

.17 

.25 

.17 

.17 

.17 

.33 

.43 

.83 

.60 

1.25 

1.00 

1.17 

1.50 

1.33 

1.00 

1.08 

0.04 
.04 
.04 
.06 
.04 
.04 
.04 
.08 
.04 
.04 
.04 
.04 
.25 
.83 
.83 
.75 
.58 
.66 
.66 
.58 
.60 
.50 
.60 
.50 
1.00 
1.08 
1.00 
1.25 
1.16 
1.00 
.91 

7.  no 

2 

6.83 

8 

6.26 

4 

4  50 

5  ...  

5.011 

6 

7.25 

7   

7.41 

8 

7.06 

9 

6.00 

10 

5.25 

11 

4.75 

12 

4.08 

18 

ass 

14 

3.60 

15 

2.91 

16 

2.85 

17 

2.35 

18 

3.06 

19 

2.08 

20 

2.08 

21 

2. 00 

22 

2.16 

28 

2.41 

21 

2.16 

26 

26 

2.33 
2.41 

27 

2.0U 

28 

2.66 

29 

2.91 

80 

2.68 

31 

2.60 

MISCELLANEOUS  DISCHARGE  MEASUREMENTS  IN  PENNSYLVANIA. 

During  the  year  1900  the  following  measurements  of  the  Pennsji- 
vania  Canal  and  of  Lehigh  River  were  made  by  E.  G.  Paul : 

Miscellaiieous  discharge  measurements  in  Pennsylvania  during  1900, 


Date. 


Stream. 


1900. 

May  16 

May  18 

September  21 

May  18 

September  23 . .  _ 

May  18 ' do    

September  23 .do 

September  26 | . . .     do 

September  27 '  Lehigh  River 


Pennsylvania  Canal 

do 

do    

.   ...do 

do 


Locality. 


Discharge. 


Harrisbnrg 

...  ..do 

do 

Steelton  

do 

Highspire  .   

-do . 

Nanticoke 

Easton,  Glen  don  Bridge. 


Sec.-feft. 

376 
369 
360 
192 
161 
1.52 
150 
328 
303 


MARYLAND   AND    WEST    VIRGINIA. 
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PATAPSCO   RIVER  AT  WOODSTOCK,  MARYLAND. 

This  station,  which  was  established  August  G,  ISOO,  by  K.  G.  Paul, 
^  Is  located  at  the  county  bridge  on  the  road  from  Woodstock  to  Gran- 
ite, Maryland,  1^^  miles  below  the  junction  of  the  North  liranch.  It 
is  described  in  Water-Supply  Pai^er  No.  35,  page  83,  where  will  also 
Ik?  found  the  gage  heights  for  180<J.  The  discharge  measurements  for 
1899  were  published  in  the  Twenty-first  Annual  Rei)ort,  Part  IV,  page 
1^.    During  1900  the  following  measurements  wei'e  made  b}'  Mr.  Paul: 

Jnne  29:  Gage  height,  3.6  feet:  discharge,  165  second-feet. 
September  29:  Gage  height,  3.6  feet:  discharge,  152  second-feet. 

Daily  gage  height,  in  feet,  of  Paiapaco  Riv>er  at  Woodfttock,  Maryland,  for  lU(t(), 


D«y 

Jan. 

3.90 
3.90 
3.95 
3.05 
8.90 
3.85 

Feb. 

Mar. 

6.50 
4.90 
4.55 
4.40 
4.85 
4.40 
4.40 
4.40 
4.26 
4.80 
4.30 
4.25 
4.30 
4.35 
4.26 
4.a5 

1 
Apr. 

May. 

June. 

July. 

• 

Aug. 

3.25 
3.30 
:J.35  , 
3. 15  ' 

:j.  15 

3.10 

:).oo 

3.  (JO 
3.  (JO 
3.05 
3.06 
3.00 
8.06 
3.00 
8.00 
3.00 
3.10 

:i.oo 

3. 10 
.5.30 
6.10 
5.95 
5.75 
5.65 
.5.  .55 
5.40 
5.40 
5.70 
5.44J 
5.45 
5.40  i 

Sept. 

.5.  .30 
.5.:«) 
5.40 
5.30 
4.85 
5.20 
5.3(J 
5.25 
5.25 
5.35 
5.35 
5.35 

5.35  ; 

5.4(J  ' 

5.55 

.5.30 

5.40 

5.10  , 

5. 10 

5.05 

.5.05 

5.05 

5.06 

5.15 

5.00 

.5. 10 

5.05 

4.U5 

i.'J) 

3.5(J 

Oct. 

:3.55 
3.55 

:i55 

3.50 

3.  .15 

8.35 

3.30 

3..']5 

3.55 

8.55 

3..56 

3.55  1 

3.35 

3..'» 

8.75 

3.65 

3.  .55  1 

3.45  ' 

.3.25 

3.40  1 

5.30 

3.45 

.3.45  1 

3. 45 

;15(J 

3.45  , 

3. 50  1 

3.4.-I 

3  45  , 

3.45  ' 

.3. 45 

1 

NiJV.a 

1 

3.85 
8.75 
3.70 
3.40 
4.40 
3.90 
3.85 
4.n) 
4.25 
4.05 
4.06 
4.10 
7.65 
5.15 
4.80 
4.15 

4.00  ! 

4.15 

4.15 

4.15 

4. 10  1 

4.15 

4.15 

4.10 

4. 15  , 

4.15 

4.85 

4.85 

4.86 

4.30 

4.10 

4.15 

4.30  i 

4.10  ' 

4.10 

4.15  1 

4.26  ' 

4.10  , 

4.15  ' 

4.30 

4.05 

4.0(» 

;3.»o  ; 
:i90  ' 

3.80  1 
4.00  ' 

8.90 
8.90 
4.  (JO 
3.96 
4.00 
4.00 
4.05 
3.90 
4.10 
8.05 
4.00 
8.90 
4.  a) 
3.85 
8.90 
4.00 
4.00 
3.90 
4.80 
4.30 
4.10 
8.75 
3.75 
8.70 
3.75 
3.80 
3.90 
3.80 
3.8f) 
3.«5 
;135 

3.W) 
3.55 
3.60 
8.65 
3.75 
3.65 
3.65 
3.75 
8.85 
3.30 
8.65 
3.55 
8.00 
8.60 
4.00 

Kb) 

ib) 
ib) 
{b^ 
(b) 
<b) 
ib) 
ib) 
^h\ 
ib) 
ib) 
(b) 
ib) 
....... 

3.60 
3.65 
3.60 
3.45 

:i.55 

4.00 
3.85 

3.55 
8.55 
8.45 
3.86 
3.86 
3.25 
3.15 
3.06 
8.00 
3.05 
3.05 
3.05 
3.  (JO 
3.50 
3.30 
3.55 
7.15 

6.:J5 

5. 75 
4.50 
4.50 
4.45 
5.05 

3.45 

• 

3.45 

3 

3.5(i 

4 

8.50 

5 

3.5(1 

6 

3.  .'iCt 

7 

3.45 

• 

i.()5 
8.85 
3.85 
8.85 
5.25 
8.96 
8.85 
8.80 
8.85 
3.96 
3.96 
8.90 
4.50 
5.00 
4.15 
4.05 
4.05 
4.00 
3.90 
3.85 
3.85 
3.85 
3.85 
3.85 

3..%) 
:).45 

10 

3.45 

u 

3.45 

12 

8.85 

13 

U 

8..Vi 
3  45 

U 

:).45 

1< 

3.45 

i; 

3.45 

m 

8.86 
3.96 
8.06 
4.00 
8.70 
4.05 
4.55 
8.90 
4.80 
4.L5 
4.86 

4.10 
4.00 
4.30 
6.60 
4.90 
4.85 
4.85 
4.80 
4.10 
4.80 
4.&0 
4.20 
4.40 
4.  ST) 

8.40 

i» 

3. 45 

* 

3.45 

Ji 

3.45 

*• 

8.50 

a 

34 

3.40 
3  .50 

s 

8  30 

35 

3  40 

^ 

3  441 

2s ;; 

3.  IVt 

* .... 

3  45 

»•  . 

3.4(1 

31 '  :/ .. 

a  No  record  for  December. 


/>June  l(i  to  3(»,  no  readinKf*:  k^k*'  broken. 


NORTH   BRANCH   OF    POTOMAC    RIVER    AT    PIEDMONT,    WEST   VIR(4INIA. 

This  station,  whieli  wa.s  established  Jamiaiy  27, 1800,  ])v  E.  (4.  Paul, 
is  l(x*ateil  at  the  highway  bridp*  connecting  Luke,  Maryland,  with 
Pi(^(lmont,  West  Virginia.  It  is  described  in  Water-Supply  Paper 
No.  35,  page  84,  wiiei-e  will  be  found  gage  heights  and  discharge  ineas- 
nrements  for  1899.  During  1900  the  following  m(*asurements  were 
made  by  Mr.  Paul: 

February  22:  Gage  height,  3.75  feet;  discharge,  735  second-feet. 
Jnne  20:  Gage  height.  4.40  feet;  discharge,  1,249  second-feet. 
September  12:  Gage  height,  1.8  feet;  discharge.  34  second-feet. 
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.48.     1 


Daily  gage  height,  in  feet,  of  North  Branch  of  Potomac  River  at  Piedmont,  Weft 

Virginia,  for  1900, 


Day. 

Jan. 

2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.90 
3.00 
3.30 
3.50 
3.50 
4.70 
4.25 
3.90 
3.90 
3.90 
4.40 
4.10 
4.15 
5.80 
5.70 
4.75 
4.85 
4.10 
3.95 
3.80 
3.55 
3.40 
3.30 
3.20 
3.10 

Feb. 

3.00 
3.05 
3.10 
3.10 
3.35 
3.60 
3.70 
5.30 
5.40 
4.65 
4.40 
4.05 
5.90 
5.50 
4.80 
4.35 
4.15 
4.05 
3.7a 
3.65 
3.60 
3.75 
4.00 
3.70 
3.60 
3.40 
3.40 
3.40 

Mar. 

Apr. 

1 

3.55 
4.50 
4.10 
4.00 
4.30 
4.25 
5.80 
5.00 
4.55 
4.40 
4.30 
4.15 
4.10 
4.10 
4.00 
3.80 
3.70 
3.70 
4.00 
5.95 
5.35 
4.75 
4.60 
4.60 
4.50 
4.25 
4.35 
4.15 
4.00 
4.75 
4.60 

4.60 

2 

4.80 

3 

4.65 

4 

4.50 

5 

4.25 

6 

4.15 

i  ....... ... .... 

4.15 

8 

4.30 

9 

4.20 

10 

3.95 

11 

3.75 

12 

3.70 

13 

3.65 

14 

3.55 

15 

3.40 

16 

3.40 

17 

3.40 

18 

3.55 

19 

3.75 

3.65 

21 

3.50 

22 

3.50 

28 

3.66 

24 

3.85 

25 

3.65 

26 

3.50 

27 

8.40 

28 

3.40 

29 

3.30 

80 

3.25 

81  

May.  I  Jnne.  July.    Aug. 


3.15 

3.30 

3.00 

3.10 

3.25 

2.85 

3.10 

3.25 

2.70 

3.10 

3.05 

2.70 

3.00 

2.90 

2.70 

2.95 

2.85 

2.60 

2.90 

2.85 

2.70 

2.90 

3.15 

3.00 

2.95 

3.15 

2.85 

3.20 

2.95 

2.70 

3.05 

2.80 

2.60 

3.00 

2.70 

2.45 

2.  HO 

2.70 

2.60 

2.80 

3.15 

2.65 

2.80 

3.20 

2.55 

2.80 

3.95 

2.35 

2.80 

7.55 

2.30 

2.70 

.5.85 

2.25 

3.40 

4.95 

2.35 

3.95 

4.45 

2.90 

3.55 

3.95 

2.75 

3.35 

3.65 

2.55 

3.30 

3.50 

2.46 

3.15 

3.35 

2.40 

3.05 

8.25 

3.20 

3.00 

3.26 

4.05 

2.ft5 

3.05 

4.40 

2.90 

2.90 

3.20 

3.30 

3.55 

3.00 

3.25 

3.15 

3.00 

3.10 

3.25 

2.95 
2.75 
2.65 
2.60 
2.40 
2.30 
2.30 
2.20 
2.20 
2.10 
2.05 
2.00 
2.10 
2.00 
2.00 
2.10 
2.40 
2.25 
2.25 
2.45 
2.20 
2.20 
2.65 
2.45 
2.40 
2.45 
2.45 
2.30 
2.20 
2.15 
2.10 


Sept.  '  Oct.     Nov.    Dec 


2.10 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 


80 
80 


1.80 
1.80 
1.90 
1.00 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
l.a5 
1.90 
1.95 
2.70 


2.85  ! 

2.45  : 

2.20  I 

2.10  I 

2.20' 

2.20 

2.20 

2.10 

2.05 

2.00 

2.00 

2.00 

2.00 

3.05 

3.20 

2.65 

2.45 

2.40 

2.25 

2.20 

2.10 

2.10 

2.15 

2.a5 

2.80 

2.60 

2.35 

2.30 

2.20 

2.20 

2.20 


2.10 
2.10 
2.25 
2.66 
2.70 
2.50 
2.40 
30 
40 
50 
50 
60 
60 
50 
50 
40 
2.40 
2.40 
2.40 
2.50 
2.60 
3.20 
8.00 
2.90 
3.35 
7.95 
5.20 
4.45 
4.05 
3.75 


ass 

3.4S 

as 

5.80 
5.66 
4.70 
4.S 
4.00 
a  80 

aeo 
a40 
a40 
a  40 
aao 
aao 
a  20 
a  as 
au 
aso 
as 
ass 
aos 
a  00 
aos 
aos 
aos 

2.fi0 
2.90 

a4S 
aos 
aao 


SOUTH  BRANCH    OF    POTOMAC   RIVER    NEAR    SPRINGFIELD,    WEST 

VIRCJINIA. 

The  station  on  the  South  Branch  at  Springfield  was  originally  (April, 
1894)  established  at  the  railroad  bridge  2  miles  south  of  that  town, 
by  C.  C.  Babb,  but  was  discontinued  in  1896.  The  present  station, 
which  was  established  by  E.  G.  Paul,  January  26, 1899,  is  located  on  the 
iron  highway  bridge  one-fourth  of  a  mile  from  Grace  Station  and  1 
mile  from  Springfield.  It  is  described  in  Water- Supply  Paper  No.  35, 
page  85,  where  will  also  be  found  the  gage  heights  and  discharge 
measurement  for  1899.  During  1900  the  folloAving  measurements 
were  made  by  Mr.  Paul: 

February  23:  Gage  height,  7.7  feet;  discharge,  3,808  second-feet 
Jnne  30:  Gage  height,  7  feet;  discharge,  3,435  second-feet. 
September  11:  Gage  height,  4  feet;  discharge,  144  second-feet. 


Dailfi  gage  height,  in  feet,  of  North  Branch  of  Slteitandoak  Siver  n 
Virginia,  for  lOM. 


D»y.         1  J«i. 

Feb. 

Mar. 

Apr. 

M.y. 

June.   July. 

Aug. 

11 

2,  S3 

11 

ii 
II 

11 

2-60 

Sept. 

it:  Til 

:t  7S 
■}M 

:j.;o 
3  :» 
3,  »« 

3.13 
3,  JO 

11 

3!T8 

IS. 

3.  («J 

Nov.    Dec 

«i 

4(10      4Mi'    3-0 

..      ,„..^ 

80 

00 

i 

'.w 

.93 

.90 

:S8 

i.93 

II 

3.03 
B.(JO 
8.00 
3.5U 
(.00 

00 
BO 

so 

38 

1 

00 

w 

18 

a.us  !  3.08 

it  it 

■i.  -h.    3  2> 
3.88)    3,a) 

\ 

i 

1 

! 

!8i 

83. 

so; 

i' 

il 

nt  1 

Si 

1 

88 

i 

«0 

w 

<B 
03 

i 

i 

DO 
00 

||4| 

S:::::::::::::: 

a.BG      l.U 

g:::::::::::::: 

11 

3.WI 

S 

3.70 

3.80 
3.80 

8.80 

Is  1 

a :;:::::::..::: 

20        .% 

ill 

3Ii        .50 

3.8S        .00 

IS    :S 

g 

1 

1 

i  '1 

K  IS 

811 
80 

1 

SI   :S 
11  1 

1 

9S 

a 

d.8ft 
3.80 

V45    3.ra 

SOUTH   BRANCH  OF  SHENANDOAH   RIVER  AT  FRONT   ROYAL,  VIRGINIA. 

Thit)  station  was  established  by  Arthnr  P.  Davi-s  on  June  26,  1899. 
It  Ib  described  in  Water-Sopply  Paper  No.  35,  page  89,  where  will  also 
be  found  record  of  dischai^e  measurement  made  in  18!I9.     Durinf; 
1900  the  following  measurements  were  made  by  E.  G.  Paul: 
Febniar7 14:  Qage  height,  5.75  reet:  discharge,  1,955  second-feet 
Jime  19:  Gage  height,  T.90  feet;  discharge,  5,703  second-feet. 
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Daily  gctge  height ^  in  feet,  ofAntietam  Creek  near  Sharpshurg,  Maryland,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 
2.50 

May. 

June. 

July. 

Aug. 

Hept. 

Oct. 

Nov. 

Dec. 

1 

1.50 

1.60 

3.80 

2.10 

2.00 

1.70 

1.40 

1.60 

1.40 

1.70 

1.56 

2 

1.50 

1.70 

8.60 

2.50 

2.10 

1.90 

1.70 

1.40 

1.60 

1.50 

1.50 

1.56 

8 

1.50 

1.60 

3.00 

2.40 

2.00 

1.90 

1.60 

1.50 

1.40 

1.40 

1.50 

ISC 

4 

1.60 

1.50 

2.80 

2.80 

2.10 

2.00 

1.50 

1.50 

1.60 

1.40 

1.50 

2.30 

6 

1.60 

1.50 

2.70 

2.80 

2.00 

1.90 

1.70 

1.40 

1.70 

1.50 

1.50 

6 

1.70 

1.60 

2.70 

2.80 

1.90 

1.90 

1.70 

1.40 

1.60 

1.40 

1.40 

2.0C 

7 

1.70 

1.50 

2.75 

2.40 

2.10 

l.W 

1. 60 

1.40 

1.50 

1.40 

1.50 

i.ec 

8 

1.80 

2.00 

2.60 

2.80 

2.00 

1.90 

1.60 

1.40 

1.50 

1.30 

1.60 

1.71 

9 

1.90 

2.20 

2.50 

2.80 

2.00 

1.90 

1.70 

1.45 

1.40 

1.50 

1.60 

l.TC 

10 

1.80 

2.00 

2.50 

2.20 

1.90 

1.70 

1.60 

1.50 

1.40 

1.60 

1.60 

1.6( 

11 

1.80 

1.90 

2.50 

2.20 

1.80 

2.00 

1.50 

1.40 

1.40 

1.60 

1.50 

l.A 

12 

1.80 

2.00 

2.50 

2.30 

1.90 

1.90 

1.55 

1.60 

1.40 

1.50 

1.40 

l.S( 

18 

1.70 

2.70 

2.40 

2.30 

1.80 

1.80 

1.50 

1.50 

1.50 

1.50 

1.70 

l.S( 

14 

1.70 

2.70 

2.40 

2.30 

1.80 

1.70 

1.55 

1.40 

1.60 

2.06 

1.50 

1.6( 

15 

1.80 

2.40 

2.40 

2.20 

2.00 

1.70 

1.60 

1.70 

1.60 

1.90 

1.70 

I.  a 

16 

1.70 

2.40 

2.40 

2.30 

1.90 

1.85 

1.45 

1.60 

1.80 

1.70 

1.50 

1.8( 

17 

1.70 

2.20 

2.80 

2.20 

2.00 

2.10 

1.50 

1.60 

1.60 

1.50 

l.S( 

18 

1.70 

2.10 

2.25 

2.30 

2.00 

2.20 

1.60 

1.60 

1.40 

1.40 

1.40 

1.4( 

19 

1.80 

2.20 

2.40 

2.35 

2.40 

2.55 

1.50 

1.60 

1.50 

1.60 

1.50 

1.5( 

20 

2.10 

2.20 

2.90 

2.30 

3.10 

2.10 

1.60 

1.70 

1.50 

1.60 

1.50 

l.S( 

21 

2.50 

2.80 

8.10 

2.70 

2.40 

2.00 

1.50 

1.80 

1.50* 

1.40 

1.60 

1.5C 

22 

2.00 

4.15 

2.80 

2.30 

2.30 

1.90 

1.40 

1.80 

1.40 

1.50 

1.50 

l.SC 

28 

1.90 

3.75 

2.70 

2.40 

2.10 

1.80 

1.90 

1.70 

1.30 

1.50 

1.50 

1.5C 

24 

1.80 

3.05 

2.70 

2.80 

2.10 

1.70 

1.85 

1.70 

1.40 

1.80 

1.50 

1.40 

26 

1.70 

3.80 

2.60 

2.20 

2.10 

1.80 

1.65 

1.80 

1.40 

1.70 

1.50 

1.30 

26 

2.80 

8.80 

2.50 

2.30 

2.00 

1.80 

2.00 

1.70 

1.40 

1.50 

2.50 

1.60 

27 

2.20 
2.00 
1.80 
1.60 
1.60 

8.00 
8.00 

2.60 
2.50 
2.50 
2.60 
2.60 

2.10 
2.10 
2.10 
2.00 

1.90 
1.90 
2.00 
l.«) 
2.10 

1.90 
1.80 
1.80 
1.70 

1.90 
1.80 
1.55 
1.40 
1.40 

1.70 
2.00 
1.90 
1.80 
1.70 

1.40 
1.40 
1.50 
1.60 

1.50 
1.40 
1.80 
1.40 
1.60 

2.10 
1.80 
1.70 
1.60 

1.50 

28 

1.50 

29 

1.9U 

80 

1.40 

81 

1.50 

NORTH   AND   SOUTH  RIVERS  AT  PORT  REPUBLIC,  VIRGINIA. 

These  stations  were  established  in  August,  1895.  They  are  described 
in  Water-Supply  Paper  No.  35,  page  86,  where  records  of  past  meas- 
urements will  be  found.  Both  stations  were  discontinued  on  April  1, 
1899. 


NORTH  BRANCH  OF  SHENANDOAH  RIVER  NEAR    RIVERTON,    VIRGINIA 

This  station,  which  was  established  June  26,  1899,  by  Arthur  P 
Davis,  is  about  2  miles  northwest  of  Riverton.  It  is  described  ii 
Water-Supply  Paper  No.  35,  page  88,  where  will  be  found  records  o 
discharge  measurements  made  during  1899.  During  1900  the  follow* 
ing  measurements  were  made  by  E.  G.  Paul: 

February  18:  Qiige  height,  8.25  feet;  discharge,  645  seoond-feet. 
June  18:  Q-age  height,  5.30  feet;  discharge,  2,928  second-feet. 
September  10:  Gage  height,  2.60  feet;  discharge,  146  second-feet. 


WEST   VIRGINIA   AND   MARYLAND. 


121 


Daily  ffoge  height,  in  feet,  of  Shenandoah  River  at  MUlville,  West  Virginia,  for 

1900. 


Day. 

Jan. 

1.25 
1.30 
l.a» 
1.15 
1.30 

i.ai 

1.91} 

1.20 
1.15 
1.20 
1.10 
1.30 
1.40 
1.50 
1.30 
1.20 
1.15 
1.30 
1.80 
6.00 
5.90 
4.20 
8.30 
2.80 
2.50 
2.25 
2.00 
1.90 
1.80 
1.85 

Feb. 

Mar. 

3.00 
4.80 
6.50 
4.80 
3.90 
3.40 
2.90 
2.80 
2.70 
2.00 
2.50 
2.40 
2.30 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
8.30 
5.96 
6.20 
4.7(> 
8.90 
3.45 
8.15 
3.00 
2.95 
2.80 
2.70 
2.60 

Apr. 

1 
May. 

1 

1.80 
1.75 
1.70 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.30 
1.30 
1.80 
1.20 
1.20 
1.15 
1.10 
1.10 
1.20 
1.10 
1.90 
1.90 
1.70 
1.60 
1.40 
1.25 
1.50 
1.50 
1.50 
1.40 
1.30 

June. 

July. 

Aug. 

Sept. 

Oct. 

0.60 
.70 
.70 
.70 
.60 
.55 
.60 
.50 
.75 
.60 
.55 
.50 
.50 
.70 
.90 

1.10 
.90 
.80 
.80 
.70 
.60 
.55 
.50 
.65 
.80 

2.10 
.60 

1.:^ 

1.10 
.95 
.90 

Nov. 

Dec. 

1 

2.10 
1.20 
1.60 
1.55 
2.00 
2.00 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.90 
3.80 
3.30 
2.80 
2.60 
2.30 
2.20 
2.60 
2.45 
4.35 
5.90 
4.50 
3.80 
3.40 
2.80 

2.55 
3.60 
2.40 
2.25 
2.20 
2.10 
2.00 
1.90 
1.85 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.55 
1.60 
1.65 
2.10 
2.40 
2.55 
3.00 
3.00 
2.70 
2.50 
2.30 
2.15 
2.00 

1.50 
1.60 
1.30 
1.30 
1.80 
1.25 
1.15 
1.10 
1.95 
1.00 
.95 
.90 
1.00 
.90 
1.10 
1.30 
2.30 
2.70 
4.50 
3.70 
3.00 
2.60 
2.10 
1.90 
1.70 
1.55 
1.45 
1.40 
1.35 
1.30 
....... 

1.30 

1.25 

1.25 

1.20 

1.20 

1.30 

1.10 

1.00 

.90 

.85 

.80 

.80 

.80 

.75 

.  it) 

.70 

.70 

.60 

.60 

1.20 

.80 

1.00 

1.10 

1.40 

2.50 

2.80 

1.70 

1.50 

1.30 

1.30 

1.20 

i 

1.15  i 
1.00  ' 
1.05  < 
1.00  , 

.90  , 

.85 

.80 

.75 

.70 

.70  . 

.70 

.65 

:S 

.60 

.60  1 

.60  i 

.60, 

.65 

.60 

.55  i 

.60 

.60 

.55 

.65 

.70  1 

.60; 

.60  , 

0.60 
.60 
.60 
.60 
.55 
.50 
.50 
.45 
.45 
.45 
.45 
.40 
.40 
.40 
.40 
.50 
.60 
.55 

1.10 
.80 
.70 
.60 
.55 
.55 
.50 
.50 
.45 
.50 
.55 
.60 

0.80 
.80 
.80 
.90 
.90 
.90 
.85 
.90 
.85 
.80 
.80 
.80 
.80 
.75 
.75 
.75 
.70 
.70 
.65 
.65 
.60 
.65 
.70 
.70 
.70 
1.10 
2.10 
4.60 
8.15 
2.45 

2.00 

2 

1.70 

3 

1.50 

4 

1.60 

5 

2.25 

6 

4.80 

7 

3.60 

8 

2.80 

9 

8.40 

10 

2.20 

11 

1.90 

12 

1.76 

13 

1.60 

14 

15 

1.50 
1.40 

16 

1.85 

17 

1.30 

18 

1.20 

19 

1.15 

20 

1.16 

21 

2? 

1.10 
1.00 

23 

1.00 

24 

1.00 

25 

LOO 

25 

27 

1.00 
.96 

28 

.90 

29 

.90 

31) 

31 

.90 
.90 

POTOMAC   RIVER  AT  POINT   OF  ROCKS,   MARYLAND. 

This  station  was   established  February  17,  1895,  at  the  tollbridge 
over  the  Potomac  River  at  Point  of  Rocks.     It  has  been  described 
and  results  of  measiirements  have  been  given  in  the  various  Annual 
Reports  and  in  the  Water-Supply  and  Irrigation  Papers  containing 
reports  of  the  operations  at  river  stations.     More  or  less  difficulty 
has  been  experienced  with  the  wire  gage,  due  to  its  stretching,  and 
no  record  of  this  lengthening  has  been  noted.     A  thorough  study  of 
the  changes  of  the  gage  have  been  made  in  this  office,  based  on  meas- 
urements and  on  a  study  of  the  average  depth  of  soundings,  with  the 
result  that  it  has  been  found  necessary  to  modify'  the  gage  heights  in 
I  order  to  refer  them  to  a  common  datum.     This  has  also  necessitated 
a  revision  of  the  rating  table.     In  some  cases  it  has  been  impossible 
to  reduce  the  measurements  to  the  known  datum,  and  it  lias  therefore 
been  thought  best  to  discard  them  and  to  publish  here  only  such  gage 
heights  and  discharge  measurements  as  could  be  reduced  to  a  common 
datum  and  on  which  reliance  can  be  placed  as  giving  a  correct  esti- 
mate of  the  discharge. 

As  originally  placed  the  gage  was  located  in  the  third  span  of  the 
bridge  from  the  north  shore.     The  next  year  (1896)  the  >vire  became 
nisted  and  broke  frequently,  and  a  new  wire  gage  was  placed  in  the 
east  side  of  the  first  span  of  the  bridge,  but  it  was  referred  to  a  dif- 
ferent datum.     During  1897  there  was  a  further  change  in  the  length 
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Daily  gage  height,  in  feet,  of  South  Branch  of  Shenandoah  River  at  Front  Royal, 

Virginia,  for  1900. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

5.55 
5.55 
5.60 
5.55 
5.50 
5.35 
5.10 
5.05 
4.95 
5.05 
4.86 
4.96 
5.00 
5.60 
5.66 
6.00 
4.80 
4.80 
5.00 
7.30 
10.70 
8.35 
7.15 
6.50 
6.15 
5.80 
5.00 
5.55 
5.55 
5.50 
5.30 

4.95 
4.80 
5.00 
5.60 
5.30 
5.66 
5.40 
5.00 
5.00 

'Too* 

4.95 
5.10 
6.36 
7.30 
6.50 
6.30 
5.95 
5.70 
5.55 
5.45 
6.36 
8.90 
8.65 
7.35 
6.85 
6.56 
6.30 

6.40 
10.66 
8.80 
7.55 
6.90 
6.60 
6.35 
6.30 
6.10 
6.00 
5.90 
5.80 
5.70 
5.60 
5.60 
5.50 
5.50 
5.50 
5.65 
6.55 
9.55 
8.35 
7.50 
6.60 
6.55 
6.45 
6.30 
6.35 
6.L5 
6.00 
5.95 

5.90 
5.76 
5.70 
5.60 
5.50 
5.40 
5.40 
5.30 
5.30 
5.30 
5.20 
5.10 
5.10 
5.10 
5.10 
5.10 
5.00 
5.00 
5.00 
5.40 
5.75 
5.90 
6.55 
6.70 
6.35 
6.30 

3 

8 

4 

5 

6... 

7 

8 

9 

10 

11 

13 

13 

14 

15 

16 

17 

18 

19 

30 

21 

33 

38 

84 

25 

80 

27 

5.75  ! 

38 

5.55  1 

39 

5.40  ' 

80 

5.40  1 

81 

......  -1 

May. 

June. 

5.30 

4.95 

5.25 

4.85 

5.15 

4.80 

5.10 

4.80 

5.00 

4.80 

5.00 

4.80 

5.00 

4.70 

4.90 

4.70 

4.80 

4.70 

4.80 

4.60 

4.80 

4.60 

4.70 

4.50 

4.70 

4.40 

4.70 

4.70 

4.70 

5.70 

4.70 

6.35 

4.60 

7.35 

4.50 

7.95 

4.70 

7.65 

5.30 

6.85 

5.75 

6.30 

5.55 

5.80 

5.35 

5.30 

5.35 

5.35 

5.30 

5.20 

5.35 

5.10 

5.05 

5.10 

4.90 

5.30 

4.85 

5.05 

4.80 

4.90 

5.45 

July. 

Aug. 

Sept. 

Oct. 

—   - 

4.30 

Nov. 

Dee. 

4.80 

4.60 

4.10 

4.50 

.5.31J 

4.70 

4.56 

4.10 

4.36 

4.50 

5.35 

4.60 

4.45 

4.10 

4.35 

4.40 

5.15 

4.60 

4.40 

4.10 

4.35 

4.45 

5.55 

4.60 

4.40 

4.10 

4.40 

4.55 

5.80 

4.50 

4.30 

4.00 

4.30 

4.60 

7.60 

4.50 

4.30 

4.00 

4.40 

4.50 

6.75 

4.50 

4.30 

4.00 

4.40 

4.50 

6.10 

4.40 

4.30 

4.00 

4.30 

4.50 

5.95 

4.40 

4.30 

4.00 

4.40 

4.40 

.5.85 

4.40 

4.30 

4.00 

4.45 

4.45 

5.60 

4.40 

4.30 

3.90 

4.45 

4.45 

5.45 

4.30 

4.30 

3.90 

4.40 

4.40 

5.15 

4.30 

4.30 

3.90 

4.35 

4.40 

5.10 

4.30 

4.10 

4.30 

4.35 

4.40 

.VOrt 

4.30 

4.10 

4.65 

4.30 

4.30 

4.90 

4.30 

4.10 

4.95 

4.30 

4.30 

4.85 

4.20 

4.(i0 

4.65 

4.40 

4.30 

4.vS0 

4.30 

4.00 

4.15 

4.40 

4.30 

4.75 

4.30 

4.00 

4.15 

4.30 

4.30 

4.70 

4.55 

4.10 

4.15 

4.35 

4.30 

4.6i» 

4.90 

4.30 

4.15 

5.05 

4.40 

4.  HO 

4.85 

4.26 

4.10 

6.36 

4.85 

4.W 

4.65 

4.30 

4.30 

6.95 

4.95 

4.  a) 

4.85 

4.30 

4.30 

6.75 

5.65 

i.m 

4.95 

4.30 

4.35 

5.60 

6.65 

4.rt0 

5.00 

4.35 

4.15 

6.35 

8.45 

4..TI'» 

4.90 

4.30 

4.05 

5.05 

7.30 

4.30 

4.85 

4.30 

4.00 

4.65 

6.35 

4.50 

4.80 

4.10 

4.20 

4.55 

5.85 

4..=^) 

4.70 

1    4.10 

4.50 

4..-.I' 

SHENANDOAH  RIVER  AT  MILLVILLE,  WEST   VIRGINIA. 

This  station,  which  was  established  April  15,  1895,  is  4  miles  abo\>' 
the  month  of  Shenandoah  River.  It  is  described  in  Water-Supply 
Paper  No.  35,  pages  90  and  91.  Records  of  measurements  for  1899 
will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  96. 
During  1900  the  following  measurements  were  made  by  E.  G.  Paul : 

February  24:  Gage  height,  5.9  feet;  discharge,  12,985  second-feet. 
Jtine  19:  Qage  heij^ht,  4.5  feet:  discharge,  9,182  second-feet. 
September  15:  Gage  height,  0.4  foot:  discharge.  oO(i  second-feet. 


WEST   VIKOINIA   AND   MARYLAND. 
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f  gage  height,  in  feetj  of  Shenandoah  River  at  MUlville,  West  Virginia ,  for 

1900, 


1 
)ay.          1 

1 

Jan. 

1.25 
1.30 
1.21) 
1.15 
1.20 
1.30 
1.30 

\.m 

1.20 
1.15 
1.20 
1.10 
1.30 
1.40 
1.50 
1.30 
1.20 
1.15 
1.30 
1.80 
6.00 
5.90 
4.20 
8.80 
2.80 
2.50 
2.25 
2.00 
1.90 
1.80 
1.86 

Feb. 

Mar. 

3.00 
4.80 
6.50 
4.80 
3.90 
3.40 
2.90 
2.80 
2.70 
2.60 
2.50 
2.40 
2.30 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
3.80 
5.95 
6.30 
4.70 
3.90 
3.45 
8.15 
3.00 
2.96 
2.80 
2.70 
2.60 

Apr.  ' 

May.  \ 

1.80  ^ 
1.75  , 
1.70  , 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.30  ' 
1.80 
1.80 
1.20 
1.30 
1.15 
1.10 
1.10 
1.30 
1.10 
1.90 
l.flO 
1.70 
1.60 
1.40 
1.25 
1.50 
1.50 
1.50 
1.40 
1.30 
1 

June. 

1 

July. 

1 
Aug.  I 

1 

1 
Sept.' 

Oct. 

0.60  > 
.70  • 
.70  i 
.70| 
.60 
.65 
.60 
.50 
.75 
.60 
.55 
.60 
.60 
.70 
.90 

1.10 
.90 
.80 
.80 
.70 
.60 
.55 
.50 
.65 
.80 

2.10 
.60 

l.iS 

1.10 
.95 
.90 

Nov. 

Dec. 

2.10 
1.30 
1.60 
1.56 
2.00 
2.00 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.90 
3.80 
3.30 
2.80 
2.50 
2.30 
2.20 
2.60 
2.45 
4.35 
5.90 
4.50 
8.80 
8.40 
2.80 

2.55 
2.50 
2.40 
2.25 
2.20 
2.10 
2.00 
1.90 

i.a-> 

1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.55 
1.60 
1.65 
2.10 
2.40 
2.55 
8.00 
8.00 
2.70 
2.50 
2.30 
2.15 
2.00 

1 
1.50  1 
1.50  i 
1.30  i 
1.30  ; 
1.80  , 
1.S5  1 
1.15 
1.10  1 
1.95  : 
1.00  1 
.95, 
.90 
1.00  ' 
.90  ' 
1.10  1 
1.30 
2.30 
2.70 
4.50 
3.70 
3.00 
2.60 
2.10 
1.90 
1.70 
1.55 
1.45 
1.40 
1.35 
1.30 

1.30 

1.25 

1.25 

1.20 

1.20 

1.80 

1.10 

1.00 

.90 

.85 

.80 

.80 

.80 

.75 

.75 

.70 

.70 

.60 

.60 

1.20 

.80 

1.00 

1.10 

1.40 

2.50 

2.80 

1.70 

1.50 

1.30 

1.30 

1.30 

1 
1.16 

1.00 ; 

1.06 
1.00 
.90! 

.ai 

.80 

.75 

.70  , 

.70 

.70 

.65 

.70 

.60 

.60 ; 

.65 
.60  ' 
.60  > 

;    .60  i 

'    .60 ; 

!       .65  1 

1      .60  i 

i      .65 

1      .60 

.60 

.65 

.65 

.70 

.60 

.80 

1      .60 

0.60  ' 
.60  ' 
.60  1 
.60  1 
.55  : 
.50 
.60 
.45 
.45 
.45 
.45 
.40 
.40 
.40 
.40 
.50 
.60 
.65 

1.10 
.80 
.70 
.60 
.56 
.66 
.50 
.60 
.45 
.50 
.55 
.60 

0.80 
.80 
.80 
.90 
.90 
.90 
.85 
.90 
.85 
.80 
.80 
.80 
.80 
.75 
.75 
.75 
.70 
.70 
.66 
.65 
.60 
.65 
.70 
.70 
.70 
1.10 
2.10 
4.60 
8.15 
2.45 

2.00 

1.70 

•  •  >•••  ••■>• 

1.60 
1.60 

2.26 



4.80 
8.60 

2.80 

8.40 

2.20 

1.90 
1.75 

1.60 

1.50 

1.40 

1.35 

1.30 

1.20 

1.16 
1.16 

1.10 
1.00 
1.00 

1.00 

LOO 

1.00 
.96 

.90 

.90 

.90 

.90 

POTOMAC  RIVER  AT  POINT   OF  ROCKS,   MARYLAND. 

lis  station  was  established  February  17,  1895,  at  the  tollbridge 
the  Potomac  River  at  Point  of  Rocks.  It  has  been  described 
results  of  measurements  have  been  given  in  the  various  Annual 
orts  and  in  the  Water-Supply  and  Irrigation  Papers  containing 
rts  of  the  oi)erations  at  river  stations.  More  or  less  difficulty 
been  experienced  with  the  wire  gage,  due  to  its  stretching,  and 
ecord  of  this  lengthening  has  been  noted.  A  thorough  study  of 
changes  of  the  gage  have  been  made  in  this  office,  based  on  meas- 
nents  and  on  a  study  of  the  average  depth  of  soundings,  with  the 
lit  that  it  has  been  found  necessaiy  to  modify  the  gage  heights  in 
ir  to  refer  them  to  a  common  datum.  This  has  also  necessitated 
nsion  of  the  rating  table.  In  some  cases  it  has  been  imi^ossible 
educe  the  measurements  to  the  known  datum,  and  it  lias  therefore 
n  thought  best  to  discard  them  and  to  publish  here  only  such  gage 
jhts  and  discharge  measurements  as  could  be  reduced  to  a  common 
urn  and  on  which  reliance  can  be  placed  as  giving  a  correct  esti- 
:e  of  the  discharge. 

iS  originally  placed  the  gage  was  located  in  the  third  span  of  the 
Ige  from  the  north  shore.  The  next  year  (1806)  the  wire  became 
ted  and  broke  frequently,  and  a  new  wire  gage  was  placed  in  the 
;  side  of  the  first  span  of  the  bridge,  but  it  was  referred  to  a  dif- 
nt  datum.     During  1897  there  was  a  further  change  in  the  length 
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of  the  gage,  which  was  not  recorded,  and  therefore  it  has  been  neces- 
sary to  discard  the  records  during  those  two  years — that  is,  1896  and 
1897. 

On  January  25,  1898,  the  gage  wire  was  compared  with  the  bench, 
mark,  and  the  observations  since  that  date  have  been  referred  to  this 
datum.     The  bench  mark  to  which  the  gage  has  been  referred  is  » 
copper  bolt  in  a  large  c^ipstone  on  the  lower  wing  wall  of  the  nortb. 
abutment,  about  10  feet  from  the  north  end  of  the  first  iron  truss  and 
41.30  feet  above  the  datum  of  the  gage.     The  length  of  the  cable  of 
the  wire  gage  is  44.22  feet.     The  measurements  of  1895  are  consid- 
ered correct  within  themselves,  but  there  was  a  difference  between, 
the  datum  of  that  gage  and  that  of  the  present  standard  of  0.4  foot, 
making  it  necessary  to  deduct  that  amount  from  the  gage  readings 
of  1895  in  order  to  reduce  them  to  the  present  datum.     Tables  of  the 
corrected  gage  heights  and  of  the  discharge  measurements  computed 
from  them  are  published  herewith. 

The  flood  discharge  of  February  23,  1897,  is  also  considered  correct, 
and  is  given  in  the  table  of  discharge  measurements.  There  is  no 
change  in  the  published  discharge  measurements  or  the  gage  heights 
for  1898,  1899,  and  1900,  but  they  are  reproduced  here  in  order  to 
bring  together  all  of  the  records  that  could  be  reduced  to  one  standard. 

Discharge  measurements  of  Potomac:  River  at  Point  of  Rocks,  Maryland, 


Date. 


1995. 


March  25.... 

Aprll5 

ApHlia 

April  23 

Mayl 

May? 

May  17 

May  28 

June  3 

June  17 

July  10 

November  6 


Ga^e 
heignt. 

Discharge. 

• 

Feet. 

Sec'ft. 

3.05 

10,524 

3.42 

14,082 

4.27 

17,516 

2.10 

7,871 

4.35 

21,073 

3.10 

12,484 

2.35 

8,918 

2.45 

9,189 

1.53 

4,536 

1.30 

4,233 

1.50 

4,695 

.40 

1.202 

1897.              •  1 

February23 ,    21.70  169,913 


Date. 


Gage 
leigot. 


1898. 

January  25 

August  19 

Octobers 

1809. 

January  28 

May  30 

September  5... 
October  2!> 

1900. 

June  28 

October  2 


heig 


Feet. 

6.50 

3.30 

.65 


3.80 

8.15 

.80 

.50 


1.50 
.30 


Discharge. 


Sec.'ft. 
33, 3U 
14.  .^00 
1.938 


17,830 

45,986 

2,800 

1,628 


5,212 
1,256 


MARYLAND. 
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y  gage  height,  in  feet,  of  Potomac  River  at  Point  of  Rocks,  Maryland,  for  1895. 


>*y. 

Feb. 

Mar. 

Apr. 

3.10 
3.00 
2.90 
3.60 
3.50 
3.00 
2.70 
2.60 
3.00 
10.80 
7.90 
5.80 
4.50 
3.80 
3.50 
3.40 
3.30 
3.00 
2.70 
2.60 
2.40 
2.20 
2.10 
2  00 
2.00 
1.90 
1.80 
1.80 
1.8C 
2.20 

May. 

June. 

1.80 
1.70 
1.50 
1.40 
1.40 
1.40 
1.20 
.80 
1.30 
1.20 
1.10 
1.10 
1.20 
1.20 
1.50 
1.30 
1.20 
1.10 
1. 10 
l.Of) 
.90 
1.00 
•    1.00 
.90 
.80 
.80 
1.20 
2.10 
1.60 
1.50 

July. 

Aug. 

Sept. 

0.60  1 
.70 
.90 
.70. 
.60 
.60 
.60 
.50  ; 
..tO 
.60  ' 
.50  1 
.50  ' 
.50  ' 
.50 
.50  i 
.50, 
.40  ■ 
.40, 
.50  ' 
.50; 
.40  , 
.40  ' 
.40 
.50  , 
.50  1 
.40 
.40  ; 
.40  ' 
..W  i 
.30 
1 

1 

Oct. 

Nov. 

0.40 
.40 
.30 
.30 
.30 
.40 
.30 
.30 
.30 
.40 
.40 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.50 
.50 
.40 

De<\ 

r 

6.10 
9.70 
10.60 
9.00 
7.10 
5.60 
4.80 
4.30 
4.10 
4.10 
4.00 
3.60 
3.60 
3.60 
4.70 
5.90 
8.10 
6.90 
5.40 
4.90 
4.10 
3.80 
3.40 
3.20 
3.00 
2.90 
3.00 
3.80 
3.20 
4.30 
3.50 

3.30 
5.90 
5.80 
5.40 
4.40 
3.70 
3.10 
2.70 
2.70 
2.80 
2.80 
2.70 
2.70 
2.80 
3.00 
2.60 
2.40 
2.20 
2.20 
2.40 
2.30 
2.40 
2.80 
3.80 
3.30 
2.60 
2.50 
2.40 
2.40 
2.20 
2.00 

2.00 
2.70 
2.30 
2.10 
1.90 
1.70 
1.50 
1.50 
1.70 
1.60 
1.50 
l-.W 
1.30 
1.20 
1.10 
1.00 
1.00 
1.00 
1.10 
1.00 
1.00 
1.00 
1.10 
.90 
.90 
1.00 
1.20 
1.30 
1.20 
1.10 
1.10 

1.00 
.90 
.80 
.80 
.90 
.80 
.80 
.80 
1.10 
1.00 
.90 
.80 
.80 
.70 
.70 
.60 
.60 
.60 
.60 
.60 
.60 
.50 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.50 
.50 

0.30 
.30 
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1 
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1.30 
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1.30 

1.40 
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1.30 

ygage  height,  infect,  of  Potomac  River  at  Point  of  Rocka,  Maryland,  for  1898. 


Day. 


Jan. 


3. 
3. 
5. 
5. 


2.90 
2.90 
3.  a) 
3.20 
3.20 
3.30 
3.20 
2.90 
3.00 
,20 
.90 
80 
70 
5.30 
5.50 
6.70 
8.00 
6.70 
5.60 
4.90 
4.70 
4.60 
5.00 
9.40 
8.40 
5.10 
5.00 
5.10 
5.10 
3.60 
3.40 


Feb. 


2.80 
1.70 
2.00 
1.90 
1.90 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 
1.90 
2.00 
1.90 
1.90 
2.00 
00 
.80 
70 
70 
2.80 
3.80 
4.10 
3.40 
2.90 
2.60 
2.30 
2.10 


Mar.  '  Apr.    May. 


1. 
1. 
1. 


1.90 
1.80 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.50 
1.50 
1.60 
1.60 
1.70 
1.70 
2.00 
5.80 
4.60 
3.50 
3.50 
6.60 
6.20 
6.40 
10.50 
7.20 
5.30 
4.40 
4.30 
6.20 


6.10 
5.20 
4.60 
4.10 
8.80 
3.60 
3.20 
2.90 
2.40 
2.50 
2.50 
2.40 
2.40 
2.50 
2.50 
4.00 
9.00 
6.70 
5.10 
4.20 
3.50 
3.20 
2.90 
2.60 
2.60 
2.60 
2.50 
3.30 
3.00 
2.80 


2.60 
2.40 
2.20 
2.00 
1.90 


1 

2 

6 

11 


80 
20 
40 
05 
9.60 
6.50 


5. 
4. 


20 
20 
3.70 
3.10 
3.00 
3.20 
4.60 
4.40 
3.50 
2.30 
90 
10 
.90 
10 
5.60 
4.10 
3.40 
3.00 
2.80 
2.40 


3. 
3. 
5. 


June. 


July. 


1. 
1. 
1. 
1. 


2.20 
2.00 
1.80 
1.70 
1.60 
1.40 
1.30 
1.30 
1.20 
1.20 
10 
10 
10 
30 

\.m  I 

1.30  I 
1.30  I 
1.20 
1.50 
1.40 
1.30 
1.30 
1.30 
1.20 
1.10 
1.10 
1.00 
1.00 
.90 
.90 


0.90 
.80 
.80 
.70 
.70 
.70 
.70 
.80 
.70 
.70 
.70 
.60 
.50 
.50 
.50 
.50 
.50 
.50 
.70 
.70 
.90 
.90 
1.10 
.90 
.80 
.90 
1.20 
1.00 
1.20 
1.40 
1.70 


Aug.    Sept. 


1.50 
1.70 
1.40 
1.20 
2.20 
7.20 
6.10 
3.70 
3.90 
5.60 
14.00 
16.05 
9.50 
8.00 
7.20 
6.10 
6.20 
4.30 
3.30 
3.10 
3.00 
3.80 
2.80 
2.30 
2.00 
1.80 
1.50 
1.50 
1.40 
1.30 
1.30 


1.20 

1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.90 

.80 

.70 

.70 


Oct. 

Nov. 

0.70 
.70 
.60 
.70 

2.70 
2.50 
2.30 
2.20 

80 

.80 

1.00 

1.10 

1.00 

1.00 

.90 

.90 

1.40 

1.20 

1.00 

.80 

80 

80 

40 

9.00 

5.40 

5.85 

18.10 

10.10 

5.90 

4.50 

3.80 

8.60 

3.40 

3.00 

2.80 


1. 


2.00 
1.80 
1.80 
1.70 
1.60 
1.60 
2.00 
1.80 
1.80 
2.00 
2.00 
1.80 
1.80 
1.80 
2.20 
3.00 
3.60 
3.80 
3.20 
3.10 
3.00 
2.70 
2.60 
2.40 
2.20 
2.10 


Dec. 


2.10 
2.10 
2.00 
2.50 
5.10 
9.20 
6.10 
4.50 
3.60 
3.00 
2.60 
2.40 
2.20 
2.20 
2.00 
1.80 
1.80 
2.00 
2.10 
2.20 
2.60 
3.80 
4.70 
6.20 
6.90 
6.30 
4.30 
3.70 
3.20 
3.00 
2.70 
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Daily  gage  height,  in  feet,  of  Potomac  River  at  ftrfnJ  of  Roeka,  ilaryland,  for  JSflS,  I 
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MONOCACT  RIVER  NEAR   FREDERICK,   MARYLAND. 

This  Btation  was  established  August  4,  18!i6,  by  E.  G.  Paul,  at  the 
county  bridge  on  the  turnpike  4  miles  northeast  of  Frederick,  on  the 
road  leading  from  Frederick  to  Mount  Pleasant,  Maryland,  about 
2,000  feet  above  the  mouth  of  Israel  Creek  aiKl  3,000  feel  below  the 
month  of  Tuscarora  Creek.  It  is  described  in  Water-Supply  Paper 
No.  35,  page  93.  Records  of  discharge  mea.snrementa  for  1809  will  be 
found  in  the  Twenty-firat  Annual  Report,  Part  IV,  page  98.  During 
1900  the  following  measurements  were  made  by  Mr,  Paul : 

Jane  2Q:  Ghige  height,  4.10  f«et;  diachot^,  ISI  »econd-feet. 

S«ptflmber  20:  Oage  height,  3.80  feet;  diacbarge,  88  second-feet. 

DaUg  gage  height,  in  feet,  of  Monocacy  River  near  Frederick,  Maryland,  for  1900. 
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ROCK   CREEK  AT  ZOOLOGICAL  PARK,   DISTRICT  OF  COLUMBIA. 

The  first  station  on  Rock  Creek  was  established  in  1892,  at  the 
request  of  the  Commissioners  of  the  District  of  Columbia.  On  Jan- 
nary  18,  1897,  a  new  station  was  est«blished  on  the  bridge  of  the 
Zooli^cal  Park.  This  bridge  was  lebuilt  in  November,,  1900,  and 
the  gage  was  destroyed.  A  new  station  will  be  established  in  1901. 
Dnring  1900  one  measurement  was  made  by  E.  G.  Paul,  a»  follows: 
April  34:  Oflge  height,  3.75  feet;  discbarBO,  77  second-feet. 
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Daily  gage  height,  in  feet,  of  Rock  Creek  at  Zoological  Park,  District  of  Columbia^ 

for  1900. 


Day. 

Jan. 

Feb. 

2.4;j 
2.43 
2.38 
2.40 
3.03 
2.60 
2.53 
2.83 
2.96 
2.68 
2.60 
2.68 
3.88 
3.00 
2.80 
2.75 
2.70 
2.70 
2.70 
2.78 
2.73 
5.20 
3.:i5 
2.90 
2.90 
3.06 
3.05 
2.78 

Mar. 

Apr. 

2.75 
2.70 
2.70 
2.70 
2.68 
2.65 
2.65 
2.a5 
2.63 
2.60 
2.60 
2.80 
2.75 
2.68 
2.65 
2.65 
2.70 
2.70 
3.10 
2.80 
2.73 
2.80 
2.80 
2.75 
2.70 
2.70 
2.70 
2.65 
2.60 
2.60 


May. 

June. 

July. 

2.35 
2.35 
2.a5 
2.40 
2.38 
2.38 
2.38 
2.35 
2.33 
2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.30 
2.30 
2.30 
2.30 
2.40 
2.40 
2.48 
2.40 
2.73 
2.48 
2.35 
2.38 
2.30 
2.30 
2.30 
2.50 

Aug. 

Sept. 

Oct. 

Sov. 

1 

2.45 
2.43 
2.43 
2.40 
2.38 
2.40 
2.40 
2.40 
2.40 
2.40 
2.43 
3.60 
3.03 
2.88 
2.58 
2.53 
2.80 
2.80 
2.83 
3.08 
3.18 
2.88 
2.80 
2.75 
2.68 
2.60 
2.58 
2.68 
2.48 
2.48 
2.55 

3.30 
3.25 
2.88 
2.78 
2.75 
2.80 
2.85 
2.73 
2.70 
2.68 
2.65 
2.70 
.  2.70 
2.70 
2.68 
2.70 
2.78 
2.80 
2.80 
3.75 
3.18 
2.85 
2.80 
2.78 
2.73 
2.75 
2.80 
2.80 
2.80 
2.80 
2.80 

2.60 
2.60 
2.60 
2.60 
2.00 
2.55 
2.55 
2.55 
2.60 
2.63 
2.58 
2.55 
2.58 
2.50 
2.50 
2.50 
2.50 
2.50 
2.90 
2.73 
2.55 
2.50 
2.50 
2.45 
2.50 
2.50 
2.45 
2.45 
2.45 
2.45 
2.40 

2.45 
2.73 
2.60 
2.55 
2.50 
2.45 
2.45 
2.58 
2.45 
2.45 
2.40 
2.35 
2.45 
2.48 
2.68 
2.65 
4.30 
8.45 
2.78 
2.70 
2.58 
2.55 
2.50 
2.60 
2.50 
2.48 
2.48 
2.43 
2.35 
2.85 

2.35 
2.28 
2.30 
2.28 
2.25 
2.25 
2.23 
2.20 
2.20 
2.2r) 

2.20 
2.15 
2.18 
2.15 
2.15 
2.15 
2.15 
2.15 
2.10 
2.10 
2.18 
2.28 
2.23 
2.25 
2.48 
2.28 
2.20 
2.20 
2.20 
2.20 
2.15 

2.15 
2.13 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.13 
2.65 
2.40 
2.20 
2.17 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.46 
2.40 
2.60 

2.40 
2.30 
2.20 
2.20 
2.20 
2.20 
2.15 
2.25 
2.25 
2.20 
2.20 
2.20 
2.23 
2.85 
2.35 
2.30 
2.25 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.25 
2.23 
2.18 
2.15 
2.L5 
2.10 
2.10 
2.10 

2.1C 

2 

2.15 

3 

2.15 

4 

5 

2.28 
2.85 

6 

2.2S 

7 

2.SS 

8 

2.4Q 

9 

2.48 

10 

2.43 

11 

12 

13 .  . 

14 

15 

16 

17 

18   

19 

20.... 

21 

22 

23 . 

24 

25 

26 

27 

28 

2». 

ao 

81 
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APPOMATTOX  RIVER  AT  MATTOAX,   VIRGINIA. 

This  station  was  established  in  August,  1900,  at  the  crossing  of  the 
Southern  Railway,  27  miles  southwest  of  Richmond.  The  gage  rod, 
which  is  on  the  guard  rail  of  the  bridge,  is  laid  off  to  feet  and  tenths, 
graduations  being  indicated  b\'  brass  nails.  The  zero  of  the  rod  is  58.1 
feet  from  the  west  end  of  the  bridge,  on  the  upstream  side.  The  outer 
rim  of  the  pulley  is  0.0  foot  from  the  zero  of  the  rod;  the  distance 
from  the  end  of  the  weight  to  the  pointer  on  the  wire  rope  is  48.75 
feet.  When  the  gage  reading  is  1  foot  the  water  level  is  45.0  feet 
below  the  top  surface  of  the  upper  chord  of  the  bridge,  upstream  side, 
and  at  the  zero  of  the  gage. 

The  river  here  is  straight  for  a  considerable  distance  above  the 
station,  but  there  is  an  abrupt  bend  about  100  feet  below  the  bridge. 
The  river  is  very  narrow,  and  at  the  low  stage  at  which  the  gage  was 
placed  the  current  velocity  is  not  very  well  distributed,  there  being 
practically  no  current  for  several  feet  next  to  the  west  bank.  It  was 
possible,  however,  to  secure  a  good  gaging,  and  old  residents  stated 
that  the  river  was  at  the  lowest  stage  it  had  reached  in  fourteen  years. 
The  Mattoax  railroad  station  is  located  on  the  west  bank  of  the  river, 
and  J.  C.  Carter,  the  station  agent,  is  the  observer.  During  1900  the 
following  measurements  were  made  by  E.  W.  Myers: 

Angnst  25:  Gage  height,  1  foot;  discharge,  196  second-feet. 
Kovember  1:  Gkige  height,  0.S5  foot;  discharge,  177  second-feet. 


VIEGINIA.  137 

iJy  f/oge  hetght,  in  feet,  of  Appomatlox  Biver  at  Mattoax,  Virginia,  for  I9O0. 

lAng.  Sept.  Oct.   Nov..  Dec. 


NORTH  (OF  JAMES)  RIVER  AT  GLASGOW,  VIRGIXIA. 
rhis  station,  whieh  was  established  August  21,  1S95,  by  C  C.  Babb 
d  D.  C.  Humphreys,  is  at  the  Ea^t  Glasgow  county  bridge  about  I 
le  above  the  month  of  the  river.  It  is  described  in  Water-Supply 
,per  No.  35,  pages  !)5  and  !)(!.  Records  of  measurements  made  in 
39  will  be  found  in  the  Twenty-fli-st  Annual  Report,  Part  IV,  page 
T.  During  1900  the  following  measurements  were  made  by  D.  C. 
imphreys: 

Much  Si  Oage  heiffbt,  3.13  feetj  discharge,  1,334  eecond-feet. 

Jime  26:  Qage  height,  1.45  (eet:  discharge,  600  eecond-feet.  ' 

Angnst  4:  Qage  height,  0.71  foot;  discharge,  2S2  B«coQd-feet. 

December  19:  GagE  height,  1.08  feet;  discharge,  39S  aecond-feet. 


I  Feb.  I  Usr.  '  Apr.  ; 


"     M 

May. 

J.... 

July. 

Aug. 

Sept.  '  Oct 

Nov. 

Dec. 

1*0 

»l 

n  w 

1)11  '    0 

m 

... 

-m 

128  OPBHATIONS   AT   BIVEK   STATIONS,   1900. — PART   II.        [no. 

JAME8  BIVEB  AT  BUCHANAN,  VIRGINIA. 

Thin  station,  wbicti  was  establislied  Augnst  18,  1895,  by  C.  C.  Ba 
find  D.  C.  Humphreys,  is  located  about  20  miles  above  the  mouth 
North  River  and  a  half  mile  above  the  mouth  of  Purgatory  Crec 
It  is  descritied  in  Water-Supply  Paper  No.  35,  page  97.  Records 
measurements  for  1899  will  be  found  in  the  Twenty-first  Anni 
Report,  Part  IV,  page  108.  During  1900  the  following  mea^ui-eniei 
were  made  by  D.  C.  Humphreys: 

Marob  80:  Qage  height,  4.62  feet;  discharge,  4,458  eeoond-feet. 
Jnne  38:  Q»go  height.  3.80  feet:  discharge,  1.043  eecond-feet. 
Angnat  4:  Oage  height,  3,35  feet:  discharge,  538  Mco&d-teet. 
Angtut  3i:  Oage  height.  1.85  feet;  diflcharfte.  374  aecond-feet. 
December  30:  Gage  height,  3.93  feet;  dlsoharge,  1,1S7  eecond-feet. 

Dailg  gage  height,  in  feet,  of  Jamea  River  at  Buchanan,  Virginia,  for  1900. 


D«y. 

JkD. 

Feb. 

U>r. 

Apr. 

M.r. 

a.8S 

Jnlr.    A 

^1 

OB.'sopt. 

Oct. 

Sov.    t 

5 

II 

•on 

!.I0 

!:SS 

2.50 

1 

u 
1 
1 

1 

t.40 

ieo 

.80 

.m 

:S 

4.80 

a.« 

ito 

g:S8 

t\l 

II 
1 

:iS 

2!hii  ,  £!ao 

2.80  '    2.HI 
2.  TO  .    2.70 

s!fio  i  sieu 

2.U  1    2.G0 

a  la 

2.50  1   s.in 
2.(0  1    3. 80 
2. to,    2.80 

.so'    £.£S      £.lfi 

•iij  lili 

.40  1    2.00        .H 

£.SU|      .00        .80 

Jj  1    1 

! 

I 

it 
IS 

11 1  11 

W 

le 
IS 

£.811  ,    4.U 

1'  1 

1: 1 

3.30      l.M) 

ij 
1 

ifiS 

.W        .10  .    £.85 

1  c  li 

:to  .    :io    fllao 

nil 

■is 

m 

1 

1 

2,ra 

:£s 

1 

!fo 

,!■! 

SB 
90 
81 

II 

3.U 

a  10 
a:  on 

'.K    .'.... 

2,711  ■    O-HS 
2.VI  1    E.flO 

JAMES   EIVER  AT  CARTER8VILLE,  VIRGINIA. 

This  station,  which  was  establishe<l  January  1, 1899,  by  D.  C.  IIu 
phreys,  is  located  at  the  highway  bridge  crossing  tlu'  .lames  at  C 
tersville,  a  lialf  mile  from  the  railroad  station  and  50  miles  abc 
Richmond,  Vii^inia.  It  is  described  in  Water-Supply  Pajwr  No. 
page  98,  together  with  a  number  of  otlier  gages  that  liave  be 
installed  on  this  river.     Records  of  measurements  for  tlie  j'ear  It 
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111  be  found  in  Paper  No.  35,  page  99.     During  1000  the  following 
easurements  were  made  by  D.  C.  Humphreys: 

April  2:  G^age  height,  4.74  feet:  discbarge,  9,469  second-feet. 
June  30:  Gage  height,  2.34  feet;  discharge,  4,049  second-feet. 
Angost  8:  Gtoge  height,  0.97  foot;  discharge,  1,515  second^eet. 
Aognst  24:  Gage  height,  1.00  foot;  discbarge,  1,405  second-feet. 
December  22:  Gage  height,  2.08  feet;  discharge,  3,800  second-feet. 

Daily  gage  height,  infeety  of  James  River  at  Cartersville,  Virginia ,  for  1000, 


D»r- 

Jan. 

Feb. 

2.10 
1.76 
1.60 
2.25 
4.86 
4.00 
3.90 
3.15 
2.90 
2.90 
3.40 
8.45 
7.30 
9.33 
12.20 
8.10 
6.06 
6.30 
4.60 
4.00 
3.80 
8.30 
11.80 
11.26 
9.05 
7.00 
6.00 
6.10 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1.85 
1.70 
1.70 
3.03 
2.30 
2.25 
2.16 
2.00 
1.90 
1.72 
1.67 
1.55 
1.53 
1.52 
1.48 
1.47 
1.47 
1.46 
1.44 
1.40 
1.88 
1.87 
1.34 
1.80 
1.80 
8.40 
15.15 
18.10 
8.00 
7.65 

Dec. 



2.00 
2.20 
2.42 
2.42 
2.42 
2.42 
2.20 
2.10 
1.85 
1.80 
1.60 
3.65 
4.40 
4.10 
4.0) 
3.40 
2.80 
2.40 
4.80 
13.06 
13.00 
11.60 
7.50 
6.10 
5.00 
4.20 
8.65 
3.25 
8.00 
2.56 
2.36 

7.80 
15.66 
12.90 
9.50 
7.55 
6.40 
5.40 
6.10 
5.10 
6.06 
4.80 
4.40 
4.00 
3.60 
3.40 
3.40 
3.40 
8.60 
4.20 
6.00 
10.50 
11.75 
9.80 
7.00 
6.00 
5.50 
5.40 
5.80 
6.20 
6.00 
5.30 

4.95 
4.73 
4.45 
4.20 
4.00 
3.76 
3.60 
3.40 
3.10 
3.00 
3.10 
3.50 
3.30 
3.10 
3.10 
2.60 
2.50 
11.15 
8.20 
7.60 
7.40 
8.60 
7.78 
7.60 
6.40 
6.50 
5.38 
4.57 
4.10 
8.80 

3.50 
3.30 
3.20 
3.00 
2.90 
2.80 
2.76 
2.75 
2.60 
2.60 
2.60 
2.60 
2.35 
2.25 
2.15 
2.10 
2.00 
1.95 
2.40 
2.76 
2.68 
2.58 
2.60 
2.40 
3.40 
8.35 
4.40 
8.60 
8.10 
2.95 
2.73 

2.65 

2.26 
3.65 
2.60 
2.26 
2.15 
2.00 
2.30 
2.15 
1.95 
1.65 
5.00 
3.78 
5.00 
3.22 
10.60 
10.20 
9.00 
7.50 
6.60 
4.48 
3.85 
3.60 
8.20 
8.26 
3.10 
2.66 
2.66 
2.35 

2.30 
2.00 
2.00 
1.95 
1.95 
1.86 
1.70 
1.56 
1.60 
1.48 
1.47 
1.30 
1.27 
1.27 
1.25 
1.20 
1.10 
1.10 
1.10 
1.21 
1.14 
1.07 
1.17 
1.80 
1.70 
1.40 
2.80 
2.80 
2.80 
2.26 
1,95 

1.76 

1.58 

1.22 

1.30 

1.16 

1.10 

1.00 

.97 

.97 

.97 

.83 

.82 

.80 

•li 

.73 

.70 

.65 

.65 

.82 

.65 

.70 

.75 

.95 

1.00 

1.26 

.96 

.80 

1.15 

1.10 

.82 

1.03 

0.90 

.85 

.70 

.68 

.65 

.60 

.60 

.50 

.50 

.60 

.60 

.50 

.25 

.45 

.46 

2.50 

3.25 

2.90 

2.17 

2.00 

1.80 

1.16 

1.00 

1.05 

1.08 

1.02 

1.00 

1.00 

1.00 

1.00 

1.00 
1.00 
1.00 
1.30 
1.20 
1.10 
1.06 
1.05 
1.06 
1.05 
1.02 
1.00 

.90 
2.30 
1.55 
1.20 

.90 
1.20 
1.25 
1.16 
1.10 
1.00 
1.20 
1.70 
10.90 
6.96 
4.70 
3.70 
2.76 
2.76 
2.40 

6.66 
3.88 

3.33 

9.60 

11.30 

11.15 

8.00 
6.90 

6.56 

6.06 
4.00 

8.68 

- 

3.30 
3.15 
3.10 

2.90 

2.50 

2.37 

2.84 

2.30 

2.20 
2.15 

2.00 

2.00 

2.76 

2.50 

2.22 

2.10 

2.00 

2.00 

2.00 

JAMES  RIVER  AT  HOLCOMB   ROCK,  VIRGINIA. 

This  station  was  established  by  the  Willson  Aluminum  Company, 
Holeomb  Rock,  Virginia,  in  1899,  in  connection  with  measurements 
•  determine  the  horsepower  available  at  that  point.  During  1809 
le  records  were  fragmentary,  but  at  the  commencement  of  1900  daily 
'Cords  were  taken,  which  have  been  furnished  to  the  Geological  Sur- 
?y  through  the  courtesy  of  T.  R.  Ragland,  general  manager  of  the 
)mpany.  The  gage  consists  of  a  copper  float  8  by  8  by  8  inches, 
ith  a  vertical  rod  1^  inches  square  attached  to  it,  the  rod,  which 
(tends  up  through  the  power-house  floor,  being  scale<l  to  tenths  of 
foot.  The  copper  float  is  inclosed  in  a  12-inch  by  12-inch  by  12-foot 
ox,  which  rests  solidly  on  the  bottom  of  the  river.  The  box  is  per- 
>rated,  so  that  the  water  in  it  will  always  stand  at  the  same  level 
8  the  water  in  the  river,  while  the  float,  being  inclosed,  is  not  in 
anger  of  being  broken  by  floating  timber.  The  fluctuations  of  the 
iver  are  read  directly  from  the  rod,  which  moves  up  or  down  with 
ke  float  as  it  responds  to  the  variations  in  the  height  of  the  river, 
ieasurements  of  discharge  are  not  made  at  this  point. 
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Daily  gage  height,  in  feet ^  of  James  River  at  Holcottib  Rock,  Virginia,  for  I9(M 


Day. 

Jan. 
1.40 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

E 

1 

1.70 

7.90 

8.60 

2.30 

1.90 

1.66 

1.00 

0.60 

0.60 

1.36 

2 

1.40 

1.50 

9.86 

3.46 

2.90 

1.80 

1.70 

1.00 

.60 

.60 

1.30  1 

3 

1.30 

1.50 

7.70 

3.16 

2.20 

8.50 

1.56 

.96 

.60 

.60 

1.30 

4 

1.30 

1.60 

5.65 

3.06 

2.00 

2.10 

1.60 

.96 

.60 

.66 

1.30  ' 

6 

1.10 

1.80 

4.75 

2.75 

2.00 

1.80 

1.46 

.95 

.60 

.60 

2.20  1 

6 

1.28 

1.60 

4.10 

2.60 

2.00 

1.70 

1.40 

1.06 

.60 

.60 

1.80 

7 

1.30 

1.50 

3.85 

2.60 

1.96 

1.70 

1.40 

.90 

.60 

.70 

1.6<»  ,-. 

8 

1.25 

1.85 

3.95 

2.40 

1.80 

1.60 

1.30 

.90 

.60 

.75 

1.40  1    . 

9 

1.28 

2.43 

3.85 

2.35 

1.80 

1.60 

1.30 

.90 

.60 

.70 

1.40 

10 

1.23 

2.50 

3.60 

2.20 

1.80 

1.66 

1.20 

.80 

.60 

.90 

1.30 

11 

1.28 

2.50 

8..T0 

2.10 

1.70 

1.60 

1.15 

.80 

.60 

.80 

I'Sa 

12 

1.75 

5.30 

3.30 

2.10 

1.70 

1.40 

1.15 

.80 

.60 

.80 

1..W  , 

13 

2.58 

10.45 
8.60 

2.95 

2.06 

1.70 

2.36 

{:!S 

.86 

.50 

.80 

1.20 

14 

i    2.65 

2.80 

2.00 

1.75 

2.40 

.80 

.30 

1.00 

1.20  1 

15 

2.30 

6.45 

2.60 

1.80 

1.60 

2.05 

1.10 

.70 

.30 

1.00 

1.10 

16 

2.16 

4.85 

2.65 

1.80 

1.60 

4.50 

1.00 

.66 

2.16 

1.30 

1.10 

17 

1.83 

4.10 

2.60 

1.80 

1.60 

6.10 

.90 

.50 

1.90 

1.15 

1.10 

18 

1.70 

3.30 

2.55 

3.55 

1.60 

6.90 

.90 

.45 

1.30 

1.05 

1.10 

1« 

3.ri0 

2.80 

2.60 

4.35 

1.86 

6.15 

.90 

.40 

.96 

1.00 

1.10 

20 

9.85 

2.55 

7.95 

4.70 

1.90 

5.:j5 

.90 

.70 

.60 

1.00 

1.10 

21 

9.30 

2.40 

11.00 

4.80 

2.25 

3.40 

.90 

.45 

.50 

1.00 

l.(M) 

22 

6.00 

8.10 

8.00 

5.85 

1.80 

2.75 

.90 

.60 

.50 

1.00 

1.00  1 

2A 

4.33 
3.46 
2.95 
2.50 
2.25 
2.00 
1.90 
1.55 

9.35 
7.06 
6.65 
4.65 
3.90 
3.55 

5.95 
4.90 
4.45 
4.40 
4.15 
4.10 
4.10 
3.90 

5.45 
4.60 
4.00 
3.56 
3.30 
2.85 
2.60 
2.50 

1.65 
1.80 
2.95 
3.45 
2.95 
2.35 
2.20 
2.20 

2.46 
2.40 

2.30 
1.96 
1.80 
1.75 
1.70 
1.55 

1.10 
1.10 
1.36 
1.90 
1.60 
1.80 
1.60 
1.50 

.75 
.60 
.70 
.70 
.85 
.65 
.60 
.60 

.60 
.70 
.55 
.60 
.60 
.60 
.50 
.50 

1. 00 
10.10 
5.55 
3.05 
2.35 
2.00 
1.90 
1.55 

.95  ' 

2i 

.90 

2b 

.90 

36 

8.25  1 

27.. 

13.00 

28 

7.30 

29 

4.20 
3.25 

30 

31 

1.00 

3.70 

1.96 

1.36 

.60 

1.60 

ROANOKE   RIVER  AT  ROANOKE,  VIRGINIA. 

This  Station,  which  was  established  by  D.  C.  Humphreys,  July 
189G,  is  located  at  the  edge  of  the  city  of  Roanoke,  on  the  Wall 
street  car  line.     It  is  described  in  Water-Supph'  Paper  No.  36,  p« 
107,  and  record  of  discharge  measurements  for  1899  will  be  found 
the  Twenty-first  Annual  Report,  Part  IV,  page  110.     During  1900 1 
following  measurements  were  made  by  D.  C.  Humphreys: 

March  29:  Gage  height,  2.07  feet;  discharge,  879  second-feet. 
May  5:  Gage  height,  1.30  feet;  discharge,  298  second-feet. 
Jnne  26:  Gage  height,  2.16  feet;  discharge,  639  second-feet. 
July  80:  Gage  height,  0.91  foot;  discharge,  149  seoond-feet. 
Angnst  21 :  Gage  height,  0.65  foot;  discharge,  92  second-feet. 
December  19:  Gage  height,  1.2ej  feet;  discharge,  307  second-feet. 
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Daily  gctge  height,  in  feet,  of  Roanoke  Biver  at  Roanoke,  Virginia,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
0.90 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.70 

1.10 

3.80 

1.85 

1.50 

1.20 

1.50 

0.65 

0.80 

1.40 

1.58 

2 

1.80 
1.80 
1.70 
1.16 
.85 
.80 

1.18 
1.10 
1.05 
1.20 
1.10 
1.15 

3.10 
2.50 
2.10 
2.00 
1.88 
1.77 

1.78 
1.72 
1.65 
1.58 
1.50 
1.45 

1.48 
1.45 
1.40 
1.37 
1.25 
1.22 

1.13 
1.15 
1. 10 
1.06 
1.08 
1.08 

1.40 
1.30 
1.70 
1.85 
1.60 
1.40 

.85 
.85 
.80 
.80 
.75 
.75 

.65 
.65 
.65 
.65 
.65 
.65 

.95 
1.00 
1.10 
1.16 
1.10 
1.05 

1.50 
1.65 
1.75 
1.45 
1.30 
1.20 

1.55 

3 

1.50 

4 

4.43 

5 

3.70 

6 

2.60 

7 , — 

2.20 

8 

.75 

1.10 

1.70 

1.45 

1.20 

1.10 

1.35 

.70 

.65 

1.06 

1.15 

3.00 

9 

.75 

.85 
.90 

i.ao 

1.10 
1.10 
1.80 
1.45 

1.05 

1.80 

al.80 

1.75 

1.45 
1.40 
L38 
1.40 

1.20 
1.85 
1.30 
1.18 

1.2U 
1.15 
1.10 
1.15 

1.15 
1.10 
1.06 
1.00 

.70 
.65 
.65 
.65 

.65 
.60 
.60 
.60 

1.00 
.95 

.90 

.85 

1.10 
1.07 
1.05 
1.05 

1.85 

10 

1.72 

11 

1.62 

12 

1.56 

13 

1.50 
1.35 

4.60 
3.08 

1.75 
1.80 

1.40 
1.36 

1.15 
1.13 

1.40 
1.85 

1.00 
.97 

.65 
.63 

.60 
.60 

.86 
1.80 

1.03 
1.08 

1.48 

14 

1.40 

16 

1.20 

2.32 

1.75 

1.30 

1.08 

1.35 

.95 

.63 

1.10 

1.35 

1.00 

1.38 

16 

1.15 

1.05 

1.72 

1.27 

1.05 

1.60 

.95 

.60 

2.00 

1.15 

1.00 

1.34 

17 

1.10 

1.78 

1.70 

1.25 

1.05 

2.25 

.93 

.60 

1.30 

1.05 

1.00 

1.30 

18 

1.10 

l.») 

1.85 

1.30 

1.03 

2.15 

.93 

.60 

1.00 

1.00 

1.00 

1.31 

19 

1.30 

1.48 

2.05 

3.75 

61.06 

1.75 

.90 

.65 

.80 

.95 

1.00 

1.25 

80 

4.10 

1.40 

4.45 

2.65 

61.06 

1.55 

.     .90 

.65 

.70 

.90 

1.00 

1.31 

21 

2.50 

1.35 

3.53 

2.90 

61.10 

1.40 

.87 

.65 

.65 

.86 

1.00 

1.25 

22 

2.  Of) 

3.80 

2.75 

2.95 

61.10 

1.30 

.87 

.65 

.80 

.85 

1.00 

1.29 

23 

1.72 

2.85 

2.35 

2.55 

61.50 

1.30 

.90 

.65 

1.15 

.90 

1.00 

1.27 

24 

1.55 

1.40 

2.15 

2.35 

2.40 

1.30 

.95 

.65 

.96 

4.76 

1.00 

1.42 

25 

1.40 

2.10 

1.95 

2.05 

1.85 

1.80 

1.05 

.75 

.85 

2.50 

.95 

1.40 

88 

1.30 

1.90 

2.06 

1.90 

1.45 

2.60 

1.25 

.70 

.80 

1.95 

8.20 

1.35 

27 

1    1.20 

1.75 

2.25 

1.78 

1.30 

1.45 

1.05 

.65 

.75 

1.75 

2.90 

1.30 

28 

•    1.10 

1.65 

2.40 

1.65 

1.25 

2.45 

1.00 

.65 

.70 

1.55 

2.20 

1.28 

29 

1    1.10 

2.20 

l.GO 

2.00 

2.18 

.95 

.70 

.65 

1.50 

1.^ 

1.28 

80 

1.08 

2.(6 

1.55 

1.00 

1.70 

.90 

.65 

.60 

1.45 

1.75 

1.24 

31 

1    1.05 

1 

1    1.98 

1.35 

.90 

.65 

1.40 

1.28 

a  Interpolated. 


6  Estimated;  repairing  bridge. 


ROANOKE  RIVER  AT  NEAL,   NORTH  CAROLINA. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  109. 
The  river  bed  is  muddy  and  is  likely  to  cut  out  in  seasons  of  high 
water,  and  both  banks  are  subject  to  overflow,  sometimes  covering 
the  flood  plain  of  the  river  to  a  depth  of  10  or  more  feet  and  reaching 
at  times  a  width  of  nearly  2  miles.  The  highest  recorded  water  at 
this  station  occurred  on  March  23, 1899,  when  the  gage  reached  a  height 
of  30  feet  and  the  discharge  was  probably  83,000  second-feet ;  the  lowest 
recorded  water  was  from  September  19  to  22, 1897,  when  the  gage  read 
0.00  and  the  discharge  was  probably  2,000  second-feet,  making  the  max- 
imum flow  Al\  times  the  minimum  flow.  The  drainage  area  above  the 
station  is  8,817  square  miles,  largely  forest  covered  and  including  a 
^variety  of  topographic  forms,  from  the  mountains  of  the  upper  part 
of  Dan  and  Staunton  rivers  to  the  extensive  swamps  to  be  found  along 
tjhe  lower  part  of  the  basin.  The  stream  is  subject  to  sudden  rises  and 
falls,  but  the  period  of  high  water  lasts  several  days.  The  observer 
is  the  bridge  watchman,  W.  M.  Adams,  of  Kelford,  North  Carolina. 
Records  of  measurements  will  be  found  as  follows:  For  1896,  Eight- 
eenth Annual  Report,  Part  IV,  page  48;  for  1897,  Nineteenth  Annual 
Report,  Part  IV,  i>age  181 ;  for  1898,  Twentieth  Annual  Report,  Part 
1^>  P^K©  1^2;  for  1899,  Twenty-first  Annual  Report,  Part  IV,  page 
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111.     During  1900  the  following  meaiiurenienta  were  made  by  E.  W. 
Myers: 

February  10:  Gage  height,  S.TO  feet;  discharge,  9,361  second-feet. 

April  10:  Qage  height,  7.10  feet;  diacborge  6,360  secoDd-leet. 

April  11:  Ghige  height,  6.00  feet;  discharge,  6,002  second  feet. 

April  34:  Oage  height,  36.60  feet:  dischtirge,  40,896  second-feet. 

Majr  U:  Qage  height,  4.09  feet;  discharge,  5,508  second-feet. 

June  30:  Gage  height,  10.13  feet;  discharge,  9,580  ^ecoud-feet. 

Angast  10:  Gage  height,  1.40  feet:  discharge,  3,B43  aecond-feet, 

November  S:  Gtage  height,  3.18  feeti  di8cbarg«  8,T34  second-feet. 

Daily  gage  )ieight,  in  feet,  of  Roanohe  Biver  at  NaU,  North  Carolina,  for  1900. 


D»y. 

J«., 

Fob. 

Hv. 

Apr. 

M«7. 

June, 

July. 

Aug. 

B«pt. 

Oct. 

Nov. 

^ 

1 

gl„ 

80 

16  40 

i?:i8 

12  50 

^ 

~7is 

.„ 

.80 

3.7(1 

8» 

S 

40 

e:io 

4:80 

.m 

3.20 

a'.k 

3 

Sl.SO 

11,10 

10.40 

SO 

7.20 

3.80 

S.HO 

.30 

83.10 

10.  SO 

o.ao 

2,™ 

.BO 

34.  as 

11.80 

2.  HO 

8:40 

i.n 

S3. 80 

20 

2.25 

7.  BO 

l.7» 

:-'l  i.ai 

12:  TO 

21.  SO 

si  BO 

7:80 

60 

4:00 

1.90 

: 

90:  n 

..[  *,ai   i2.nj 

19.00 

8.10 

7.20 

60 

B.7U 

B.eo 

..    4.aii'  11.10 

17.30 

7.  GO 

t.oo 

Lao 

ii:so 

4.4 

.      4.NII    s.;fi 

20 

i.ao 

.00 

6.10 

1,80 

n  ::::::::::■ 

_.'    fi.lU      B.DO 

iBiio 

bIto 

10 

a:  00 

1.20 

,60 

a.^ 

B 

..     7,(10     11.10 

18.30 

8.90 

20 

2.90 

1.00 

.20 

13 - 

..'  I1!.1J0    18.10 

17.30 

IS 

8.10 

3:40 

A  ad 

14  ._ 

.-1   S.HO    a).w 

IS.  30 

:2o 

3.10      S.M 

ift -- 

_       O.UO.SS.S0 

ia.i» 

10:  SO 

s:so 

10 

2: 60 

:«o 

: 

.10 

2.SS      S.M 

18 

..     7.B0    Sa,88 

13.70 

O.TO 

S.SD 

eo 

2.30 

.40 

.70 

s.HOi  4.n 

_       4.B0i!18.90 

IS.  10 

8.(10 

90 

S.80 

.40 

.80 

1.7U      (.39 

.,■  1,70   a. go 

20 

.00 

.90 

Z.GO       (9) 

IB  :::;::""- 

...    0.9)  '  10. 7D 

U'.V) 

7!  10 

4,K 

1 

40 

tw 

.40 

.70 

2.40      3-U 

so 

.       B.aJ     17.00 

14.10 

21.78 

8.10 

18.10 

».  1 

£.26      3.78 

.  '  1S.0S     14.10 

18.10 

23.40 

:io 

8.    1 

:2o 

2.2s     3,a) 

^\'.'.'".\\~... 

-,S1.1»'  IS. 80 

S4.U9 

:8o 

2.20       4.40 

ss 

.     ^.  M  ,  14, 80 

2S.W 

i'.m 

.00 

i.v} 

:4o 

S. 

:6o 

2.28       4.M 

St - 

.,  2a.B0 '  n.K 

is!  30 

£&-» 

fi,90 

.70 

i.M 

.TO 

.35 

8.40 

2S 

.    ii.eo   as-30 

18.50 

34.3) 

8.00 

.30 

.90 

i 

.20 

..,  I8.W    23.10 

is.nj 

W.K 

1  .00 

S.OO 

S.K 

AH) 

srV.'.'.'.'V..V. 

.  '  18.80 'SD.9fi 

2.10 

I'.i 

is:  40 

2.  TO 

B.9) 

38 -- 

..    13.10    IB.  80 

uiao 

w.4a 

18:70 

1  :oo 

in:4S 

1.60 

2.4 

1  .80 

3.U) 

7.90 

s» 

..  uni' 

14,  W 

18.00 

10.40 

1  .00 

18.80 

1.10 

n.oo 

0.(6 

ai,-— 

-  10.4UI _ 

13,40 

11.30 

8.00 

10. 4£ 

1B.4S 

11.40 

S.M 

31 

-  '-I 

LIO 

:bo 

S.M 

DAN  RIVER  AT  SOUTH  B08T0N,  VIRGINU. 

Thi.s  atatioii,  whi<!h  was  established  August  27,  1900,  by  E,  W. 
Myers,  is  located  in  the  town  o(  South  Boston,  Virginia,  on  the 
railroad  bridge  of  the  Noi-folk  and  We8t«rn  Railroad  which  crosses 
the  river  at  that  place.  The  gage  rod  is  laid  off  on  the  downstrean) 
guard  i-ail  of  the  bridge,  the  graduations  being  indicated  by  brass 
nails  driven  into  the  rail.  The  zei-o  of  the  rod  is  exactly  over  the 
center  of  tlie  first  span  from  the  north  end  of  the  bridge.  The  dis- 
tance between  the  zero  of  the  rod  and  the  outer  rim  of  the  pulley 
is  -.311  feet,  and  the  distance  between  the  end  of  the  weight  and  the 
pointer  on  the  wire  rope  is  36.44  feet.  When  the  gage  reading  is  1 
foot  the  water  surface  is  31.0C  feet  below  the  top  of  the  head  of  the 
nut  on  the  pin  connecting  the  two  tension  rmls  with  the  lower  chord 
of  the  bridge,  this  pin  being  on  the  lower  side  of  the  bridge  and 
exactly  opposite  the  zei-o  of  the  gage.     This  is  a  very  good  station  for 
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)  gaging  of  all  except  the  very  highest  stages  of  flow.  At  extreme 
ghts  the  river  spreads  out  over  a  flood  plain  of  considerable  width, 
e  trestle  connecting  the  bridge  with  the  embankment  on  the  south 
e  of  the  river  is  a  curve  of  rather  high  degree.  The  bed  of  the 
earn  is  of  coarse  sand  and  probably  shifts  only  slightly.  R.  M. 
liaferro,  South  Boston,  Virginia,  is  the  observer.  During  1900  the 
lowing  measurements  were  made  by  E.  W.  Myers: 

August  27:  Gage  height,  1.00  foot;  discharge,  1,046  second-feet 
October  31:  Qsge  height,  2.20  feet;  discharge,  1,576  second-feet 

Daily  gage  height ,  in  feet,  of  Dan  River  at  South  Boston,  Virginia,  for  1900, 


Day. 

Sept 

Oct. 

Nov. 

2.00 
2.20 
2.00 
2.40 
2.10 
2.60 
2.70 
2.60 
2.50 
2.40 
3.00 
2.00 
2.00 
1.90 
1.90 
1.80 

1 

Dec. 

1 

Day. 

1 
Sept.  1 

1 

Oct. 

2.40 
2.40 
2.00 
2.00 
1.90 
2.00 
2.00 
2.30 
7.50 
3.60 
3.50 
2.50 
2.60 
2.00 
2.00 

Nov. 

Dec. 

0.62 
.66 
.06 
.96 
.60 
.06 
.77 
.90 
.87 
.40 
.60 

.ao 

.40 

.46 

.40 

4.90 

1.60 
1.60 
1.60 
1.50 
1.40 
1.30 
l.flO 
1.90 
2.40 
2.40 
2.40 
2.20 
2.20 
2.80 
2.00 
2.00 

8.00 

17 

8.66  ' 
3.60  1 
2.00  , 
1.66 
1.25  ' 
1.55 
1.80 
1.70 
1.70  , 
1.60, 
1.60  ' 
1.40  1 
1.30  , 
1.30  ' 

1.70 
1.70 
1.70 
1.70 
1.70 
1.7D 
1.60 
1.60 
1.60 
2.20 
5  60 
3.80 
3.20 
3.00 

3.00 

8.00 
8.00 

,  18 

3.00 

19. 

2.90 

4.00 
14.10 

1  20 ::.::.::::::::: 

2.00 

1  21 

8.00 

8.00  j 
4.80 
3.80  1 
3.60  1 
•    8.20 

,  22 

3.10 

'23...::..:::.::: 

8.10 

1  24 

8.10 

25 

8.00 

26 

8.00 

8.20  > 
8.20  1 
8.20 
8.10 
2.90 
2.90 
1 

27 

8.00 

28 

8.20 

20 

8.00 

80 

2.70 

81 

2.80 

•  «»«•  ^•v*  «••••• 

1 
1 

STAUNTON  RrVBR  AT  RANDOLPH,  VIRGINIA. 

!Tiis  station,  which  was  established  August  27,  1900,  by  E.  W. 
era,  is  about  five-eighths  of  a  mile  southwest  of  Randolph  station, 
the  line  of  the  Southern  Railway  from  Richmond  to  Danville,  on 
I  railroad  bridge  which  crosses  the  river  at  that  place.  The  rod  is 
1  off  on  the  guard  rail  of  the  bridge  on  the  downstream  side,  the 
kdaations  to  feet  and  tenths  being  indicated  by  brass  tacks.  The 
o  of  the  gage  rod  is  over  the  center  of  the  fifth  floor  beam  of  the 
iond  span  from  the  north  end  of  the  bridge.  The  distance 
t^ween  the  zero  of  the  rod  and  the  outer  rim  of  the  pulley  is  3.66 
»t;  the  distance  between  the  end  of  the  weight  and  the  pointer  on 
B  wire  rope  is  41.13  feet.  When  the  gage  reading  is  1  foot  the 
kter  surface  is  34.85  feet  below  the  top  surface  of  the  fifth  floor 
lam,  directly  under  the  zero  of  the  gage.  The  river  is  straight  for 
long  distance  above  and  below  the  bridge,  and  the  velocity  of  the 
inent  is  very  well  distributed.  It  is  said  that  the  rise  at  this  point 
about  25  feet.  It  is  not  probable  that  the  channel  changes  to  any 
egiee  daring  high  water.  The  observer  at  this  station  is  Justin 
leld,  station  agent  at  Randolph.  During  1900  the  following  meas- 
lements  were  made  by  £.  W.  Myers: 

August  d7:  Gkige  height,  1.00  foot;  diacharge,  1,849  seoond-feet. 
October  81:  Gk^;e  height,  2.75  feet;  discharge,  2JKi4^ 
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Daily  gage  height ^  in  feeU  of  Staunton  River  at  Randolph,  Virginia,  for  JfHh 


Day. 

Sept. 

1.00 

1.00 

.75 

.70 

.75 

2.00 

1.00 

.80 

.70 

.50 

.50 

.40 

.30 

.30 

1.00 

9.10 

Oct. 

Nov. 

2.60 
2.60 
2.80 
4.40 
4.60 
4.00 
3.45 
3.10 
2.95 
2.75 
2.60 
2.55 
2.55 
2.50 
2.45 
2.35 

Deo. 

3.70 
3.30 
3.05 
4.75 
15.50 
10.60 
6.75 
5.50 
4.80 
4.35 
4.00 
3.75 
3.00 
3.40 
3.30 
3.20 

D»y. 

17 : 

18 

Sept. 

Oct. 

2.05 
1.70 
1.50 
1.45 
1.40 
1.85 
1.50 
6.00 
15.15 
6.1U 
4.50 
3.70 
3.30 
3.00 
2.76 

Nov.      D 

1 

2 

1.30  < 

1.85 

1.60 

1.50 

1.55 

2.00 

1.80 

1.60 

1.80 

2.00 

1.65 

1.00 

1.50 

1.55 

2.06 

2.50 

6.90 
3.30 
2.05 
1.60 
1.35 
l.'IO 
1.40 
1.35 
2.60 
2.00 
1.50 
1.40 
1.55 
1.40 

2.30 
2.30 

3 

19 

20 

2.25 

4 

2.30 

6 

21    

2.30 

6 

22 

2.35 

7 

23 

2.30 

8 

24 

2.25 

9 

25 

2.25 

10 

26    

3.10 

11 

27     

12.40  1 

12 

28 

6.50 

13 

29 

4.75  1 

14 

30 

4.00 

16 

1  31 

16 

.  — 

• 

1 

1 

TAR  RIVER  AT  TARBORO,  NORTH   CAROLINA. 

This  station  is  described  in  Wat^jr-Suppiy  Paper  No.  36,  page  1 
Extensive  sand  bars  have  formed  in  the  channel  during  periods 
extreme  low  water,  and  they  modify  very  materially  the  relat 
between  the  gage  height  and  the  disch^ge  at  low  stages  of  the  riv 
The  highest  recorded  flood  was  on  February  11,  18S9,  when  the  gi 
height  was  25  feet  and  the  discharge  was  probably  19,850  second-f( 
The  lowest  recorded  flow  was  on  November  2,  1900,  the  disc^ha 
being  87  second-feet,  the  maximum  flow  thus  being  about  218  tii 
the  minimum  flow.  The  observer  is  R.  H.  Williams,  who  reads 
gage  once  a  day  during  ordinary  stages  of  the  river,  but  oft«: 
during  floods.  Measurements  of  discharge  are  made  at  the  stat 
and  occasionally  at  the  highway  bridge  crossing  the  stream  ab 
200  yards  above,  as  the  lower  section  is  sometimes  obstructed  by  n 
of  logs.  Records  of  flow  during  1899  will  be  found  in  the  Twer 
first  Annual  Report,  Part  IV,  page  112.  During  1900  the  follow 
measurements  were  made  by  E.  W.  Myers: 

April  11:  Gage  height,  4.48  feet;  discharge.  1,915  second-feet. 
April  23:  Gage  height,  14.90  feet;  discharge,  10.237  second-feet. 
May  18:  Gage  height,  2.18  feet;  discharge,  1,003  second- feet. 
Jnne  30:  Gage  height,  2.30  feet,  discharge,  1,030  second-feet. 
August  9:  Gage  height,  0.40  foot,  discharge,  371  second-feet. 
November  2:  Gage  height,  —0.30  foot;  discharge,  87  second-feet. 
November  21:  Gage  height,  0.50  foot;  discharge,  412  second-feet. 
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DaUygage  height^  in  feet,  of  Tar 'River  at  Tarboro,  North  Carolina,  for  1900, 


D»r 


%. 

9. 
0. 
1. 
2. 

3. 
4. 

i. 
j6. 

.7. 
». 
S. 
». 

a. 
s. 
s. 

B. 
B. 
7. 
8. 
1. 
0. 
1. 


Jan. 


3.7 
3.0 
2.9 
2.6 
2.5 
2.6 
3.4 
3.6 
3.4 
4.3 
3.4 
3.3 
8.7 
9.4 

10.5 
9.5 
7.3 
6.2 
5.9 
6.7 
8.9 
9.5 

10.3 
9.0 
7.8 
6.4 
5.5 
5.0 
4.6- 
4.5 
4.4 


Feb. 


4.0 

3.8 

3.7 

3.6 

3.5 

4.8 

6.0 

5.9 

5.4 

5.0 

6.1 

7.8 

10.6 

12.8 

14.5 

15.8 

17.0 

18.0 

16.5 

13.7 

9.8 

8.0 

10.0 

11.5 

13.9 

18.7 

12.6 

11.9 


Mar. 

Apr. 

May. 

10.0 

8.6 

5.0 

10.5 

9.0 

4.5 

12.3 

9.1 

4.6 

13.5 

8.0 

4.3 

U.3 

7.5 

4.0 

13.0 

7.6 

3.7 

10.5 

7.3 

3.4 

8.3 

6.0 

3.2 

7.8 

5.3 

3.0 

9.0 

5.0 

8.3 

11.2 

4.7 

3.6 

12.2 

4.5 

4.0 

11.4 

5.6 

3.1 

9.8 

8.7 

2.8 

8.0 

9.8 

2.5 

7.3 

9.3 

2.4 

8.3 

8.3 

2.2 

9.1 

7.2 

2.0 

9.5 

6.0 

4.0 

8.5 

9.4 

5.0 

7.3 

10.8 

4.8 

7.1 

13.2 

4.2 

6.5 

14.5 

3.4 

6.0 

15.3 

3.0 

6.1 

13.8 

4.5 

6.3 

11.0 

5.9 

8.3 

8.6 

5.6 

9.5 

7.2 

4.5 

10.0 

6.0 

3.6 

9.1 

5.4 

8.0 

7.8 

2.8 

Jane. 


2.6 
2.1 
2.0 
1.9 
1.8 
1.5 
1.3 
1.2 
1.3 
1.5 
2.0 
1.8 
1.8 
1.4 
1.0 
1.4 
2.5 
3.5 
6.0 
7.8 
5.5 
4.3 
3.5 
3.5 
4.3 
6.5 
5.0 
4.5 
3.4 
2.6 


July. 


2.0 

1.3 

1.5 

1.6 

1.0 

1.1 

.7 

.6 

.7 

.6 

.4 

.3 

.4 

.3 

.2 

1.6 

1.4 

.7 

.3 

.2 

.1 

.0 

.0 

.0 

.0 

.5 

1.0 

1.2 

4.5 

3.0 

2.3 


Aug. 

Sept 

1.7 

0.8 

1.3 

.4 

1.6 

.3 

1.8 

.2 

.7 

.0 

.6 

.0 

.5 

.0 

.2 

-  .1 

.1 

.1 

.0 

-  .1 

.0 

-  .1 

.0 

-  .2 

.0 

-  .2 

.0 

-  .2 

.1 

-  .2 

.3 

-  .2 

1.3 

-  .2 

.5 

.5 

1.0 

1.0 

.7 

.4 

.6 

.2 

.4 

.0 

.2 

.0 

.1 

.0 

.0 

^^^     •  X 

.1 

—    ,  1 

.2 

■  "          •    & 

.0 

^^^      •   A 

.0 

~        •  JL 

.4 

"          •  A 

.6 

Oct. 


1 


-0.2 

-  .2 

-  .2 

-  .2 
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NBUSB  RIVER  AT  SBLMA,  NORTH  CAROLINA. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  111. 
'he  maximam  flood  of  which  there  is  any  record  was  on  February  9, 
?99,  when  the  water  reached  a  height  of  21  feet  on  the  gage,  with  a 
robable  discharge  of  12,000  second-feet.  The  minimum  flow  occurred 
iiring  the  very  severe  drought  of  1897,  the  lowest  gage  height  being 
0.4  foot,  on  October  17  and  18,  and  the  discharge  75  second-feet, 
aking  the  maximum  flow  about  160  times  the  minimum  flow.  The 
"ainage  area  above  the  station  is  1,175  square  miles.  Records  of 
)w  during  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
art  IV,  page  114.  During  1900  the  following  measurements  were 
ade  by  E.  W.  Myers: 

Fehmary  8:  Gage  height,  3.40  feet;  discharge,  1,117  second-feet. 
April  12:  Gk^;e  height,  3.80  feet;  discharge,  1,076  second-feet. 
April  24:  Gage  height,  17.05  feet;  discbarge,  9,027  second-feet. 
Maj  17:  Gage  height,  1.70  feet;  discharge,  461  second-feet. 
June  27:  Gage  height,  3.00  feet;  discharge,  590  second-feet. 
Angnst  10:  Gage  height,  0.61  foot;  discharge,  139  second-feet. 
November  6:  Gage  height,  4.60  feet;  discharge,  1,278  second-feet. 
November  22:  Gk^;e  height,  0.90  foot;  discharge,  248  second-feet 
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Daily  gage  height,  in  feet,  of  Naue  River  at  Sdma,  North  Carolina,  for  1900. 
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DEEP  RITBR  AT  CUMNOCK,  NORTH  CAROLINA. 

This  station  was  established  Jnne  29,  1900,  by  E.  W.  Myers.  Iti 
300  yards  northwest  of  the  railroad  station  at  Cumnock.  The  wii 
gage,  which  is  graduated  to  feet  and  tenths,  is  nailed  to  the  guar 
rail  of  the  bridge.  The  water  surface  is  37.41  feet  l»low  the  top  ( 
the  lower  chord  at  the  side  of  the  tension  rod  supporting  the  floe 
beam  opposite  the  gage.  The  initial  point  of  sounding  is  at  the  norti 
west  end  of  the  bridge.  The  channel  is  straight  for  seveial  hundre 
feet  above  and  below  the  bridge,  but  the  current  is  rathtT  sluggish  dn; 
ing  low  water.  The  bed  of  the  stream  is  muddy,  with  .some  bowlden 
The  observer  is  J.  A.  Rollins,  a  watchman  at  Cumnock.  During  19fl 
the  following  measurements  were  made  by  E,  W.  Myers; 

Jane  39:  Osge  height,  8.00  feet;  diflcbarge,  540  secoad-feet 

Angnat  11:  Qage  height,  1.30  feet;  discharge,  112  aecond-feet. 

November  Q:  G^oge  height,  4.5S  feet;  diecharge,  1,118  second-feet. 

December  10:  Gage  height,  l.TO  feet;  discharge,  109  second-feet. 
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Daily  gage  het^t,  in  fitet,  of  Deep  River  at  Cumnock,  North  Carolina,  for  VMiii. 
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CAPS   FEAR   RITBR  AT   FAYBTTEYILLE,  NORTH   CAROLINA. 

TTiis  station  U  described  in  Wat^r-Supply  Paper  No.  36,  page  115. 
The  maximam  flood  of  whicii  there  is  any  reconl  occurred  on  January 
8,  1895,  when  the  river  reached  a  height  of  68  feet  on  the  gage,  aod 
he  discharge  was  at  the  rate  of  about  91,004)  cubic  feet  per  second. 
The  lowest  stage  of  flow  was  on  October  8  and  9,  1897,  when  the  gage 
leight  was  0.2  foot  and  the  discbarge  340  second-feet.  The  maximum 
iachai^  is  therefore  about  270  times  the  minimuin  flow.  The  drain- 
,ge  area  above  the  station  is  44.93  square  miles. 

Moncure  station  on  Haw  River  was  abandoned  January  1,  1900.  A 
aeasorement  was  made  on  June  38,  however,  when  the  gage  read  2.68 
eet;  the  area  of  the  section  was  611  square  feet,  the  mean  velocity 
.25  feet  per  second,  and  the  discharge  769  secund-feet.  Discbarge 
Deasarements  for  1898  and  1899  will  t»e  found  in  the  Twenty-Sret 
^DBual  Report,  Part  IV,  page  115, 

Moncnre  station  on  Deep  River  was  also  abandoned  January  1, 
1900.  Measurement  was  made  on  June  37,  when  the  gage  read  3.67 
feet;  the  area  of  section  was  600  square  feet,  the  mean  velocity  1.14 
leet  per  second,  and  the  discharge  687  second-feet.  Measurements 
for  1898  and  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
Partly,  page  117. 

Records  of  flow  during  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  119.  During  1900  the  following  measurements 
»ere  made  by  E.  W.  Myers: 

Febraaiy  9:  Gagelielght,  e.BO  feet:  discharge,  3,746  second-feet. 
April  12:  Gage  height,  6.1Q  fe«t;  discharge,  3,866  second-feet. 
April  35:  Onge  height,  35.S0  feet;  discbarge,  13,479  second-feet. 
I  Hay  17:  Oage  height,  8.80  feet;  discharge,  1.596  aecond-teet. 

'  3-aae  29:  Oage  height,  5,80  feet;  diacharge,  2,S31  second-feet. 

I         Angost  11:  Oage  height,  0.70  foot;  discharge,  41S  eecond-teet. 
r  S:  Q«gB  hsicht,  0.7.5  foot;  discharge,  416  seoond-feet. 
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DaUy  gage  height^  in  feet,  of  Cape  Fear  River  at  Fayettemlle,  North  Carolina,  for 

1900. 


Day. 

Jan. 

Feb. 

5.2 

5.0 

4.6 

4.4 

5.3 

1.5 

10.0 

8.0 

6.4 

7.0 

10.0 

20.8 

26.7 

36.0 

35.8 

30.0 

24.7 

18.4 

13.7 

9.0 

8.2 

9.1 

23.0 

23.0 

17.5 

21.0 

19.0 

14.1 

Mar. 

Apr. 

May. 

8.3 
9.7 
7.3 
6.9 
6.4 
5.6 
5.3 
5.0 
5.0 
4.9 
5.5 
5.6 
6.0 
4.7 
4.0 
8.8 
3.8 
3.6 
8.0 
18.0 
14.0 
10.4 
7.0 
5.4 
5.7 
5.5 
5.5 
5.0 
4.6 
4.0 
8.7 

June. 

July. 

Aug. 

2.6 

2.8 

2.2 

1.8 

1.8 

1.4 

1.4 

1.2 

.9 

.8 

.7 

.7 

.7 

.7 

.8 

.6 

.5 

4.5 

3.9 

2.8 

2.4 

1.7 

1.6 

3.5 

2.2 

2.3 

1.7 

1.2 

.9 

.9 

1.1 

Sept. 

Oct. 

Nov. 

0.6 
.5 
.7 
2.5 
12.5 
10.5 
7.0 
5.2 
4.0 
3.4 
2.9 
2.6 
2.4 
2.0 
1.9 
2.0 
1.8 
1.6 
1.3 
1.1 
1.0 
1.1 
1.1 
1.1 
1.1 
1.6 
1.5 
2.5 
8.2 
3.1 

Dec 

1 

5.0 

4.9 

4.J» 

4.4 

4.2 

4.4 

4.2 

4.1 

8.9 

3.9 

4.8 

9.0 

21.8 

21.0 

17.3 

12.0 

9.1 

7.5 

6.5 

7.7 

12.5 

14.0 

11.7 

8.0 

7.1 

6.5 

6.1 

5.6 

6.7 

5.5 

5.8 

12.0 

27.0 

33.7 

29.0 

22.3 

15.0 

11.7 

9.7 

10.0 

23.0 

19.0 

17.2 

14.8 

10.4 

8.7 

9.8 

19.0 

19.0 

15.0 

12.4 

10.0 

9.4 

8.5 

7.6 

7.0 

9.8 

14.0 

14.0 

11.6 

9.8 

9.6 

9.0 

7.7 

6.9 

6.7 

9.1 

10.0 

9.2 

6.7 

6.0 

5.8 

5.8 

5.6 

18.0 

18.0 

14.4 

10.2 

7.0 

6.0 

6.0 

38.0 

44.0 

44.0 

38.0 

33.0 

26.0 

28.0 

17.0 

12.2 

10.0 

8.3 

3.2 
3.2 
3.0 
2.8 
2.8 
2.7 
2.7 
2.6 
3.5 
3.9 
4.2 
4.2 
3.0 
2.6 
2.5 
3.0 
2.7 
5.5 
14.0 
8.0 
5.7 
4.4 
4.0 
12.0 
17.4 
16.0 
13.7 
8.0 
5.5 
5.0 

5.0 
4.3 
4.0 
3.5 
3.1 
3.6 
3.1 
3.1 
2.6 
2.2 
1.8 
1.6 
1.4 
1.8 
5.0 
3.0 
2.5 
2.0 
1.7 
1.5 
1.3 
1.1 
1.0 
.9 
3.5 
8.8 
4.6 
12.0 
9.0 
5.8 
4.6 

5.0 

4.5 

3.8 

2.5 

1.8 

1.2 

.8 

.7 

.6 

.4 

.6 

.5 

•      .3 

.4 

.5 

2.1 

10.4 

8.4 

4.6 

3.2 

2.1 

1.7 

1.4 

1.3 

1.0 

.9 

.8 

1.3 

1.0 

1.1 

0.9 

.8 

.7 

.6 

.9 

1.2 

1.0 

.8 

.7 

.7 

.9 

.8 

1.8 

1.6 

1.3 

1.4 

2.9 

2.7 

1.9 

1.6 

1.2 

1.0 

.9 

.8 

.8 

.7 

.7 

.8 

.6 

.7 

.7 

2  8 

2 

2  2 

3 

2  1 

4 

2.3 

6 

14  0 

6 

15  0 

7 

98 

8 

8  4 

9 

6  6 

10   

4.8 

11 

4.0 

12 

8  6 

13 

84 

14 

3.8 

15 

8.8 

16 

ai 

17 

8.1 

18 

80 

19 

8/0 

20 

2.6 

21 

4.0 

22 

12.8 

23 

16.0 

24 

11.4 

25 

9.8 

26 

7.0 

27 

6.6 

28 

4.4 

29 

4.0 

30 

4.4 

81 

6.2 

YADKIN  RIVER  AT  8ILOAM,   NORTH   CAROLINA. 

On  August  2,  1900,  a  temporary  station  was  established  on  Yadkin 
River  at  Siloam,  North  Carolina,  by  Cleveland  Abbe,  jr.,  and  N.  C. 
Curtis.  Many  miscellaneous  measurements  were  also  made  on  the 
upper  tributaries  of  the  Yadkin  in  connection  with  the  general  hydro- 
graphic  study  of  the  southern  Appalachian  region,  records  of  which 
will  be  found  in  Water-Supply  Paper  No.  49. 

The  gaging  station  at  Siloam  is  located  on  the  north  bank  of  the 
river,  in  a  clump  of  overhanging  trees,  50  yards  above  Hall's  ferry 
and  one-third  of  a  mile  south  of  the  Siloam  station,  on  the  Wilkesboro 
division  of  the  Southern  Railroad.  The  gage  rod,  which  is  graduated 
to  feet  and  tenths,  is  securely  braced  in  a  clump  of  trees.  The  gage  is 
referred  to  a  bench  mark  on  the  south  bank  in  a  clump  of  three  syca- 
mores at  the  water's  edge,  25  feet  above  the  ferry  landing.  A  notch 
cut  on  the  outermost  tree  is  8  feet  from  the  root,  and  the  bench  mark 
is  the  top  of  the  knot  opposite  this  notch.  The  reading  of  the  gage 
on  August  2,  1900,  was  2.7  feet,  equal  to  9.6  feet  on  the  old  gage, 
referred  to  the  bench  mark  across  the  river,  measuring  to  the  surface 
of  the  water.  The  river  is  said  to  rise  not  more  than  9  feet  in  ordi- 
nary freshets,  but  in  1898,  as  shown  by  flood  marks  and  according  to 
verbal  accounts,  it  must  have  risen  to  about  16  feet  on  the  present 
gage.  The  initial  point  of  sounding  is  on  the  right  bank,  at  the 
outer  edge  of  the  first  stake  on  the  upstream  side  of  the  rod.  The 
banks  are  high  and  rarely  are  submerged.     The  bed  of  the  stream  is 
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.'^  invel  and  sand,  slightly  shifting.     Thn  draiuage  tirea  uf  the  river  at 
~  1b  station  is  1,219  square  miles.     The  observer  is  C  E.  Scott,  of 
oam.     Daring   1900  the  following  meaauremeutn   were  made  hy 
'IK.C.  Cartis: 

J11I7II:  Oage  height,  3.0  feet;  diicbarge,  1,307  secood' feet. 
AngoatS:  Oage  height,  3.6  feet;  dischurge,  1,318  second-feet 
October  31 :  Oage  height,  3.1  feet;  discbarge,  1,409  second-feet. 
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YADKIN  RIVER  AT  SAUSBURY,  NORTH  CAROLINA. 

This  station  is  described  in  Water-Snpply  Paper  No.  36,  page  116. 
Owing  to  the  inconvenient  location  of  the  railroad  bridge  from  which 
t  the  measurements  were  made  and  its  height  above  the  water,  the 
■  gigingstation  was  moved  June  1, 1899,  to  the  new  iron  highway  bridge 
abont  300  yards  above  the  railroad  bridge,  the  new  gage  reading  the 
same  as  the  old.  In  its  new  position  the  10-foot  mark  on  the  ro<l  is 
opposite  the  center  of  the  first  strut  from  the  west  end  of  the  second 
Bpan  from  the  west  end  of  the  bridge,  on  the  downstream  side.  The 
rod  isof  pine,  3  inches  wide,  well  painted,  graduated  to  feet  and  tenths, 
sod  securely  nailed  to  the  inner  surface  of  the  guard  rail,  the  top  of 
the  rod  being  flush  with  the  top  of  the  rail.  The  distance  between  the 
leroof  the  rod  and  the  outer  rim  of  the  pulley  is  2.13  feet,  and  between 
the  end  of  the  weight  and  the  pointer  on  the  wire  26.75  feet.  The 
observer  is  J.  T.  Yarbrough,  keeper  of  the  bridge.  The  sti'eain  here 
IB  about  the  same  width  as  at  the  railroad  bridge,  and  the  section  is  a 
fairly  good  one  for  gaging'  purposes,  the  bottom  for  the  greater  part  of 
the  width  of  the  Htream  being  hard  and  rocky.  At  times  the  current 
is  very  materially  modified  by  large  quantities  of  driftwood  lodging 
against  the  piers,  but  it  is  thought  better  results  can  be  obtained  than 
M  the  old  station.  Although  this  stream  is  subject  to  periods  of  com- 
paratively low  flow,  the  minimum  run-off  is  large.  The  lowest  recorded 
flow  was  900  second-feet,  occurring  in  September  and  October,  1897. 
The  highest  flood  of  wbiob  there  is  any  record  occurred  on  "Nl&TOa.  'Kl, 
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1899,  the  gage  height  being  18.80  feet  and  the  meaeured  discfaargs 
115,000  cubic  feet  per  second,  showing  the  maximum  dischai^e  to  be 
nearly  128  times  the  minimum  discharge. 

Records  of  flow  during  1899  will  l>e  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  page  120.  During  1900  the  following  meas- 
urements were  made  by  E.  W.  Myers: 

February  18:  Oage  height,  T.4S  feet;  diacharge,  26,682  Becond-f«eL 
April  14:  Oage  height,  H.HO  feet;  diacharge,  S,863  secoDd-feet. 
Hay  IS:  Gage  height.  2.45  feet;  discharge,  4,042  second-feet. 
Hay  35:  Oage  heiglit,  3.83  feet;  discharge,  7,930  secoQd-feet. 
Angust  18:  Gage  height,  1.95  feet;  discharge,  1,447  second  feet 
November  9:  Oage  height,  2.80  feet;  discharge,  2,095  second-feet 
December  IT:  Oage  height,  2.46  feet;  discharge,  8,025  aecoDd-feeL 

Daily  gage  height, in  feet,  of  Yadkin  River  at  Sali^Mry,  North  Carolina,  for  1900. 
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YADKIN    RIVER   AT   NORWOOD,  NORTH   CAROLINA. 

This  station  was  abandoned  January  1, 1900,  and  no  measurements 
have  been  made  since  that  date.  A  description  of  the  station  and 
records  of  discbarge  measurements  will  be  found  in  Water-Supply 
Paper  No.  36,  page  118;  also  in  the  Twenty-first  Annual  Report,  Part 
IV,  page  121. 

OATAWBA  RIVER  NEAR  MORGANTON,  NORTH  CAHOLINA- 

During  the  summer  of  1900  a  hydrographie  investigation  was  made 
of  the  southern  Appalachian  region.  For  the  purpose  of  the  study, 
temporary  stations  were  established  on  Oatawba  River  uearMoi^an  ton, 
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Jolm  River  near  Morganton,  and  on  Linville  River  near  Bridge- 
ter.  Many  miscellaneous  measurements  were  also  made  on  the 
adwaters  of  the  Catawba  and  its  tribnt-aries,  as  well  as  of  other 
earns,  records  of  which  will  be  found  in  Water-Supply  Paper  No.  49. 
The  Morganton  station  was  established  Juno  10,  1000,  at  the  high- 
ly bridge  near  Morganton,  on  the  road  from  Morganton  to  Hart- 
id.  The  wire  gage  is  suspended  from  the  bridge,  and  is  I'ead  on  a 
rizontal  se^le  graduated  to  feet  and  l^^nths  and  nailed  on  the  guard 
1.  The  river  is  straight  for  a  distance  of  2(X)  f(H*t  above  and  below 
^  station.  The  banks  are  high  and  have  never  overflowed.  The 
jhest  flood  of  the  Catawba  i-ose  to  the  floor  of  the  bridge  at  this  sta- 
►n,  a  height  of  about  28  feet.  The  bed  is  silt  and  mud  and  shifts 
ghtly  during  floods.  The  drainage  area  is  757.8  square  miles. 
)per  Creek  flows  into  the  Catawba  about  200  feet  alwve  the  station. 
le  observer  is  J.  W.  Kincaid,  a  farmer  living  about  200  yards  from 
^  station.     During  1900  the  following  measurements  were  made: 

June  13:  Gkige  height,  1.33  feet;  discharge,  1,393  second-feet. 
Jnne  18:  Gage  height,  2.50  feet;  discharge,  4,030  second-feet. 
Jaly  6:  Gtige  height,  1.30  feet;  discharge,  1,164  second-feet. 
August  8:  G«ge  height,  0.60  foot;  discharge,  558  second-feet 
September  24:  Gage  height,  0.50  foot;  discharge,  525  second-feet. 
November  7:  Gage  height,  1.50  feet;  discharge,  1,874  second-feet. 


Uy  ffoge  height^  in  feet,  of  Catawba  River  near  Morganton,  North  Carolina, 

for  1900. 


Day. 

Jane. 

July. 

Ang. 

Sept. 

0.60 
.55 
.60 
.53 
.55 
.50 
.45 
.50 
.45 
.45 
.33 
.35 
.33 
1.55 
2.50 
2.15 
1.25 
1.15 
.80 
.68 
.63 
.43 
.55 
.58 
.55 
.53 
.53 
.48 
.55 
.53 

Oct. 

Nov. 

1.25 
1.25 
2.70 
1.70 
1.45 
1.70 
1.55 
1.25 
1.35 
1.30 
1.20 
1.20 
1.10 
1.25 
1.25 
1.25 
1.25 
1.00 
1.60 
1.25 
1.00 
1.50 
.05 
1.50 
1.00 
4.30 
3.20 
2.80 
1.60 
1.52 

Dec. 

1.58 

1.78 

1.60 

1.48 

1.43 

1.3U 

1.23 

1.20 

1.10 

1.50 

1.00 

1.00 

1.25 

1.00 

.05 
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.85 
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1.26 

2.68 
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1.48 
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.70 
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.58 
.57 
.65 
.65 
.63 
.55 
.63 
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.45 
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.65 
.73 
.58 
.80 
.60 
.63 
.53 
.55 
.60 
.55 

0.50 

.60 

.58 
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1.20 

1.10 
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.85 

.80 

.75 

.65 

.60 
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.58 

.53 

.53 

.53 

.53 

.58 

.53 

.50 

.50 
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4.15 

2.96 

1.80 

1.60 

1.60 

1.40 

1.35 

1.35 

1.26 

1.65 

' 
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LINVILLE  RIVER  NEAR  BRIDOEWATER,  NORTH  CAROLINA. 

This  station,  one  of  the  temporary  stations  established  in  connec- 
tion with  the  hydrographic  investigations  of  the  southern  Appalachian 
region,  was  established  July  3,  1900.  It  is  located  at  Poole's  mill,  just 
above  the  ford  on  the  road  between  Morganton  and  Marion.  The 
gage  is  near  the  tailrace  of  the  mill,  and  the  gagings  are  made  about 
200  feet  farther  down.  The  bed  is  extremely  rough  and  rocky,  the 
current  being  swift  during  high  water.  There  are  no  bridges  across 
this  stream,  aud  high-water  measurements  are  therefore  difficult  to 
obtain.  The  bench  mark  is  a  cross  cut  on  the  rocky  cliff  on  the  left 
bank  of  the  stream.  The  initial  point  of  sounding  is  at  the  end  of  a 
log  sunk  in  the  sandy  right  bank.  The  drainage  area  at  this  station 
is  86.2  square  miles.  The  observer  is  J.  A.  Cooper,  miller.  The  fol- 
lowing measurements  were  made  during  1900: 

Jane  14:  G-age  height,  9.92  feet;  discharge,  104  second-feet. 
Jnly  3:  Gage  height,  9.54  feet;  discharge,  216  second-feet 
Jnly  10:  Gkige  height,  9.90  feet;  discharge,  116  second-feet 
Angnst  17:  Gage  height,  10.15  teet;  discharge,  78  second-feet 
September  21:  Gage  height,  9.8  feet;  discharge,  55  second-feet 

Daily  gage  height^  in  feet,  of  JjinvtUe  River  near  Bridgewater,  North  Carolina^ 

for  1900. 


Day. 

Jnly. 

I 

2 

8 

9.54 

4 

9.46 

6 

9.58 

6 

9.54 

7 

9.63 

8 

9.58 

9 

10 

9.71 
9.58 

11 

9.63 

12 

9.67 

18 

9.63 

U 

9.67 

16 

9.71 

16 

9.67 

Aug. 


9.83 

9.92 

9.88 

9.83 

9.92 

10.08 

10.00 

10.  OK 

10.08 

10.08 

10.08 

10.08 

10.08 

10.13 

10.08 

10.08 


Sept. 


10.17 
10.17 
10.21 
10.21 
10.25 
10.25 
10.25 
10.29 
10.29 
10.29 
10.29 
10.33 
10.33 
10.29 
10.21 
7.60 


Oct. 


9.75 
9.67 
9.58 
9.50 
9.58 
9.58 
9.63 
9.63 
9.63 
9.63 
9.58 
9.50 
9.54 
9.54 


Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jnly. 


9.83 
9.83 
10.04 
10.00 
9.75 
9.92 
9.92 
9.92 
9.83 
9.92 
9.75 
9.75 
9.92 
9.83 
9.92 


Ang. 


10.13 
10.13 
10.08 
10.08 
10.13 
10.17 
10.17 
10.17 
10.21 
10.17 
10.21 
10.21 
10.21 
10.21 
10.21 


Sept. 


9.67 

9.67 

10.00 

10.00 

9.92 

9.92 

9.92 

9.92 

10.00 

10.08 

10.06 

10.13 

9.75 

9.75 


Oct 


JOHN  RIVER  NEAR  MORGANTON,  NORTH   CAROLINA. 


This  Station  was  established  June  17,  1900,  by  H.  A.  Pressey  and 
E.  W.  Myers,  at  the  highway  bridge  on  the  road  from  Morganton  to 
Lenoir.  A  wire  gage  is  suspended  from  the  bridge,  and  the  readings 
are  made  on  a  gage  rod  nailed  to  the  guard  rail  on  the  downstream 
side  of  the  bridge.  The  river  channel  is  straight  for  200  feet  above 
and  300  feet  below  the  station.  The  banks  are  high  and  the  bed  la 
rocky  and  permanent  in  section.  The  drainage  area  at  this  station 
is  212.8  square  miles.     The  observer  is  W.  A.  Clontz,  a  farmer  living 
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Dut  a  third  of  a  mile  from  the  bridge.     The  foUowiug  measurements 
re  made  dnring  1900: 

Jane  13:  Gage  height,  2.64  feet;  discharge,  465  second-feet 
Jane  19^  Gage  height,  8.50  feet;  discharge,  1,202  second-feet. 
Jnly  6:  Gktge  height,  2.68  feet;  discharge,  511  second-feet. 
Aagast  8:  Gage  height,  1.90  feet;  discharge,  185  second-feet. 
September  24:  Gage  height,  1.90  feet:  discharge,  148  second-feet. 
November  7:  Gage  height,  2.82  feet:  discharge,  867  second -feet. 

iiy  gage  height ,  in  feet,  of  John  River  near  Morganton,  North  Carolina,  for  1900, 


Day. 

Jnne. 

July. 

Ang. 

2.10 
2.08 
2.00 
2.15 
1  90 

Sept. 

"i.ro 

1.70 
1.70 
1.70 
1.80 
2.90 

**2.26 
2.08 
1.95 
1.90 
1.90 
1.90 

Oct. 

Nov. 

Dec. 

1.80 
1.88 
1.93 
2.43 
2.88 
2.28 
2.10 
2.08 
1.98 
1.90 
1.90 
1.95 
1.90 

"i.w 

1.88 
1.88 
1.78 
1.78 
1.78 

*"i.'88' 
14.72 
5.60 
8.45 
2.98 
2.70 

'■2.'45 
2.80 
2.80 

2.30 
2.80 
2.50 

"2"a6' 

2.85 
2.36 
2.80 
2.25 
2.25 

"2.'26" 
2.20 
2.15 
2.15 
2.10 
2.06 

"'2.*i2* 
2.15 
2.12 
2.10 
2.08 
2.06 

3.00 
2.65 
2.52 
2.42 

2.38 

2.60 
2.56 
2.68 
2.70 

2.82 

8.38 

........ ......X.. ........... .......... 

8.20 

2.58        1.88 
2.45         1-08 

2.85 

2.67 

1.90 
1.90 

2.02 

2.88 

2.80        1.90 
2.25        1.90 
2.25    

2.80  >      1.98 
2.25         1.H8 

2.60 

2.86 

2.82 

2.86 

2.30 

1.98 

2.28 

2.16 

2.13  '      1.98 
2.10        1.98 
2.10       (a) 

2.15  , 

2.46  1 

2.26 

2.20 

8.60 
8.26 
2.80 
8.28 
8.20 

2.18 

2.22 

3.08 

1 

2.92 

t 

""2.16' 
2.28 
2.36 
2.80 

I 

1.90 
1.85 
1.88 
1.83 
1.80 
1.88 

2.78 

» 

3.76 
8.58 
8.28 
8.20 
2.96 
2.85 

2.68 

1 

2.48 

•                   ••••«•••••••-••••••••••••••••••  «••••• 

2.28    

2.20  1 

i-- 

2.88 

1.,.  .   

2.82 

1...     

2.28 

I " 

2.20 
2.18 

1 

2.90 



a  No  record  from  Angrnst  19  to  September  9,  inclnsiye. 
CATAWBA  RIVER  AT  CATAWBA,  NORTH   CAROLINA. 

This  station  was  originally  established  in  July,  1896,  but  was  aban- 
med  December  31,  1899.  On  June  13,  1900,  it  was  reestablished  as 
temporary  station  to  assist  in  the  study  of  the  hydrography  of  the 
athem  Appalachian  region.  The  measurements  are  made  from  the 
athem  Railway  bridge  about  a  fourth  of  a  mile  east  of  the  railway 
>tion.  The  wire  gage  is  suspended  from  the  bridge  and  is  referred 
the  painted  gage  rod,  which  is  divided  into  feet  and  ucnths  and 
[led  to  the  guard  rail.  The  initial  point  of  sounding  is  on  the  west 
i  of  the  bridge.  The  channel  is  straight  above  and  below  the  sta- 
ll, and  the  current  is  moderately  swift.  The  banks  are  high,  and 
<  bed  is  composed  of  gravel  and  fine  sand.  The  observer  is  C.  A. 
ed,  jr.,  clerk  in  the  post-office  at  Catawba.  During  1900  the  fol- 
nng  measurements  were  made  by  E.  W.  Myers: 

July  8:  Ghige  height,  3.45  feet;  discharge,  3,872  second-feet. 
August  14:  Gkige  height,  2.10  feet:  discharge,  914  second-feet. 
Noirember  7:  Gage  height,  2.95  feet:  discharge,  2,088  second-feet. 
December  18:  Gkige  height,  2.59  feet:  discharge,  2,189  second-feet. 
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Daily  gage  height,  in  feet,  of  Catattha  River  at  Catawba,  North  Camlirut,  for  I30O. 


June.    Jnly.     An#.  I  Rept.  '   Oct 


""■  I  ■ 


CATAWBA   RIVER   AT   ROCKHILL,  SOUTH   CAROLINA. 

This  statiOD,  which  is  described  in  Water-Supply  Paper  No.  36,  page 
121,  was  established  September  '.i,  189S.  During  the  last  year  a  dam 
has  been  constructed  a<!ro8s  the  river  about  I!  miles  alwve  the  gaging 
station,  and  it  is  probable  that  this  will  modify  the  flow  to  some  extent, 
particularly  at  low  Bt«freu.  The  maximum  fio4Ml  of  which  there  is  any 
record  at  this  station  occurred  March  20,  1839,  the  water  reaching  a 
height  of  17.25  feet  nn  the  gage,  with  a  probable  diHcharge  of  about 
72,000  second-feet.  The  lowest  stage  of  flow  occurred  in  September 
of  1896  and  1896,  when  a  gage  height  of  l.o  foot  was  i-eached,  the 
probable  discharge  bt'ing  1,300  second-feet.  During  1900  the  follow- 
ing measurements  were  made  bj-  E.  W.  Myers: 

Febmar^  SI:  Gage  height.  3.63  feet:  discbArge,  3.803  Bet^ond-feet. 
February  22:  Oage  beight,  .J.SK  Teet;  diacharge,  16,T01  second-Ieet. 
April  13:  Oage  height,  2.76  feet:  discharge,  4,T0S  Becond-feet 
April  '2U  Gage  lielgbt,  0.07  feet:  discharge,  Bl,610  second-feet. 
iSaj  21:  Gage  height,  ■■iA2  feet:  discharge,  8,703  aecond-feet 
July  4:  Gage  height,  3.86  feet:  discharge.  .1,623  second-feet. 
August  16:  Gagebeigbt,  1.70  feel;  discharge,  l,B36seL'Diid-r«et 
October  36:  Gage  height,  3.30  feeti  discharge,  8,848  secoud-feel. 
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lage  height,  ill  feet,  of  Catauba  River  at  BotAkill.South  CarMna,  for  1900. 
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>   BIVBK  (of  THK  CAROUNA8)  AT   DELLINOER,  SOUTH  CAROLINA. 

I  station  at  Gaffney,  South  Carolina,  wsr  abandoned  on  account 
poor  section,  and  the  station  at  Dellinger  was  established  August 
30,  by  N.  C.  Cortis,  in  connection  with  the  hydrographio  inves- 
tns  of  the  aoathem  Appalachian  region.  The  gage  is  a  4-inch 
neh  timber,  13  feet  long,  opiked  to  a  tree  on  the  left  bank  of  the 
tt  Ellis's  terry,  Dellinger,  1  mile  below  the  North  Carolina-South 
jia  State  line  and  10  miles  south  of  Shelby,  North  Carolina.  The 
B  gradoated  to  feet  and  tenths  and  reads  direct.  The  initial 
of  soundii^  is  a  stake  in  the  center  of  the  roadway,  used  for 
ng  ferryboats  to  the  bank.  The  channel  is  straight,  the  cur- 
atiier  rapid,  and  the  bed  of  the  stream  sandy  and  slightly  shift- 
The  right  hank  ia  about  10  feet  high,  and  is  not  subject  to 
ow;  the  left  bank  rises  to  a  considerable  height.  It  has  been 
red  that  Uie  sarface  of  the  water  in  the  river  is  about  4  inches 
r  in  the  evening  than  in  the  morning.  This  may  probably  he 
oted  for  by  the  fact  that  there  are  two  cotton  mills  on  Second 
I  River  which  close  their  gates  at  night,  in  order  to  allow  the 
1  to  flU,  and  ont  off  nearly  a\l  of  the  discharge  of  Second  Broad 
during  low  water.  The  observer  is  J.  S.  Gramling,  ferryman. 
ig  1900  N.  C.  Curtis  made  one  measurement  at  this  station,  as 


Lngdrt  80:  Qage  bel^t,  Ol8  toot;  diacharge,  1,480  Beomd-feet. 
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DaUy  gagr.  height,  in  feet,  nf  Saluda  River  at  Watetioo,  South  Carolina,  for  19U0, 
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TALIiULAH  RIVER  AT  TALLULAH  FALLS,  GEOROU.. 

This  station  was  eBtablitihed  August  29,  10()0,  and  records  of  gage 
heights  were  obtained  until  October  19,  1900,  wheii  the  observer  left 
Tallulata  Falls,  and  no  readings  have  been  made  since  that  time. 
Measurements  are  made  from  the  wagon  bridge  across  the  river  about 
a  half  mile  Hbove  the  head  of  the  falls.  The  bridge  is  a  single  iron 
span  about  100  feet  long.  The  gage  is  a  vertical  rod  10  feet  long, 
graduated  to  feet  and  tenthi^,  nailed  to  a  S-inch  by  i-inoh  pine  tim- 
ber, and  llie  whole  spiked  to  a  tree  on  the  left  Ijank  of  the  river  abont 
50  feet  above  the  bridge.  The  observer  is  T.  A.  Robinson,  proprietoi 
of  the  Robinson  Hotel.  During  1900  the  following  measurements 
were  made  by  Max  Hall  and  .T.  C.  Conn: 

ADgufit39:  Oage  height.  1  foot;  discharge.  2S3  Becond-feet, 
December  'i\:  Qage  height,  'i  feet;  diechorge,  HOli  eecond-feet. 

Daily  gnge  }ieight,  in  feet,  of  Tallulali  Hirer  at  Talbtlah  Falls,  Georgia,  for  1000, 
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laUjf  gage  height y  in  feet,  of  Broad  River  (of  the  Carolincus)  near  Abttwi,  South 

Carolina,  for  1900. 


i>*y. 

Jan. 

Feb. 

2.99 
2.80 
2.72 
2.74 
8.88 
3.52 
3.90 
8.45 
8.50 
3.58 
8.48 
9.84 
14.48 
19.96 
16.90 
11.11 
7.47 
5.57 
4.92 
4.51 
4.20 
0.25 
9.50 
6.64 
7.50 
5.50 
5.00 
4.50 

Mar. 

Apr. 

4.64 

4.41 

4.17 

4.21 

4.58 

4.64 

4.06 

4.06 

4.00 

8.90 

3.88 

4.60 

4.70 

4.41 

4.40 

8.90 

8.70 

6.40 

17.20 

14.60 

15.50 

23.40 

18.10 

11.80 

10.00 

7.40 

7.80 

6.10 

6.65 

5.50 

May. 

June. 

3.45 
3.80 
3.48 
4.06 
4.45 
3.90 
3.70 
5.06 
4.45 
4.45 
4.20 
3.85 
3.60 
4.06 
4.82 
4.20 
10.00 
12.33 
8.60 
6.00 
5.00 
4.60 
10.55 
13.08 
10.00 
8.00 
6.85 
6.36 
6.06 
6.15 

July. 

Aug. 

4.00 
3.85 
3.40 
3.30 
3.30 
3.10 
2.80 
3.08 
3.05 
2.90 
2.82 
2.80 
2.85 
2.00 
2.96 
2.90 
2.80 
2.96 
2.85 
2.75 
2.36 
2.00 
2.55 
3.50 
3.35 
2.80 
8.10 
2.60 
2.75 
2.90 
3.10 

Sept 

Oct. 

2.55 
2.30 
2.00 
2.60 
3.05 
3.36 
3.30 
a  10 
2.70 
3.26 
3.15 
2.90 
2.85 
8.10 
3.00 
2.50 
2.86 
2.70 
2.70 
2.00 
2.65 
2.60 
2.86 
6.06 
8.40 
5.85 
3.00 
a  56 

a  80 
a  00 
a  15 

Nov. 

Dec. 

8.20 
14.20 
12.47 
8.20 
6.10 
5.62 
5.01 
5.16 
8.98 
8.30 
6.68 
5.43 
5.07 
4.66 
4.40 
11.68 
12.80 
8.87 
6.10 
5.80 
6.83 
5.84 
5.80 
5.06 
7.20 
10.80 
8.40 
6.54 
5.60 
6.11 
4.78 

5.00 
4.80 
4.60 
4.40 
4.25 
4.15 
4.10 
8.90 
3.90 
3.70 
3.60 
3.60 
3.66 
3.64 
8.64 
8.64 
8.60 
8.40 
4.80 
4.20 
3.60 
8.47 
3.42 
3.25 
6.50 
6.20 
6.66 
4.40 
8.85 
8.70 
3.55 

5.54 

4.90 

5.45 

5.45 

4.25 

S.90 

3.90 

3.66 

4.76 

3.74 

3.40 

3.30 

3.20J 

4.80 

4.40 

3.70 

3.50 

3.40 

3.26 

3.10 

3.10 

2.98 

3.40 

3.10 

3.42 

3.25 

4.32 

4.32 

4.86 

4.45 

4.06 

3.15 
3.20 
2.80 
3.50 
2.70 
2.60 
2.50 
2.50 
2.48 
2.30 
2.06 
2.30 
2.86 
2.88 
2.66 
5.30 
6.12 
4.10 
3.20 
3.05 
2.85 
2.65 
2.58 
2.40 
2.50 
2.80 
2.66 
2.50 
2.46 
2.45 



2.95 

2.88 

a  70 

7.51 
7.20 
5.00 
a  75 

a  60 
a  15 
a  06 

2.90 
2.80 
2.70 

a  00 

2.90 
2.85 
2.90 
2.96 
2.95 
2.75 
a  55 
a  35 
a20 

a  15 
a  05 
a  90 

10.13 
6.35 
4.66 
a  86 

3.60 

3.45 

•  •-•  •««*««  »•  •• 

a25 

7.83 

0.20 

a.  50 

4.96 

3.80 
3.45 
3.60 
8.80 
6.80 
7.60 
5.00 
3.80 
3.20 
2.78 
2.88 
2.86 
8.00 
3.87 
3.52 
8.88 
3.78 
8.58 
8.88 
a29 
3.10 
2.90 
2.84 
a  10 

4.26 

8.90 

3.60 

3.56 

8  45 

3.35 

3.60 

3.70 

3.80 

3.06 

3.10 

1 
1. 

a  20 
3.80 

7.20 

8.55 

7.30 

5.15 

4.80 

4.45 

» 

4.20 

I 

3.80 

1 . 

3.70 

1 

8.05 

6.80 

SALUDA  RIVER  AT  WATERLOO,   SOUTH   CAROLINA. 

This  station  is  described  in  Water-Supply  Paper  No.  36,  page  126. 
Records  of  flow  during  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  129.  During  1900  the  following  measurements 
^ere  made  by  E.  W.  Myers: 

Febmary  23:  Gage  height,  7.33  feet;  discharge,  3,347  second-feet. 
April  19:  Gkige  height,  9.91  feet;  discharge,  5,415  second-feet. 
May  22:  Q«ge  height,  3.35  feet;  discharge,  757  second-feet. 
July  5:  Gage  height,  5.10  feet;  discharge,  1 ,486  second-feet. 
Angnst  17:  Gage  height,  4.10  feet;  discharge  917  second-feet. 
November  10:  Q&ge  height,  4.42  feet;  discharge,  854  second-feet. 
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Dailj/gageheigkt,  in  feet,  iif  Saluda  Riuerot  Waterloo,  Sovlh  Carolina,  for  1900. 
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TALLUI.AH   BIVBR   AT  TALLTTLAH    FALLS,    GEORGIA. 

This  ejlation  was  established  August  29,  l!t()0,  and  records  of  gagn 
heights  were  obtained  nntil  Ootol»er  13,  1900,  when  the  observer  left 
Tallulah  Falls,  and  no  readings  hrtve  been  made  since  that  time. 
Measurements  art!  made  from  the  wagon  bridge  across  the  river  about 
a  half  mile  above  the  head  of  the  falls.  The  bridge  is  a  single  iron 
span  about  100  feet  long.  The  gage  is  a  vertical  rod  10  feet  long, 
graduated  to  feet  and  tenths,  nailed  to  a  2-inch  by  4-inch  pine  tim- 
ber, and  the  whole  spiked  to  a  tree  on  the  left  bank  of  the  river  about 
50  feet  above  the  bridge.  The  observer  is  T.  A.  Robinson,  proprietor 
of  the  Robinson  Hotel,  During  1900  the  following  measurements 
were  made  by  Max  Hall  and  J.  C.  Conn : 

Angiut  29:  Gage  height.  I  foot;  discharge,  353  secoad-feet. 

December  21:  Qage  height,  2  feet;  discharge,  96U  eecond'feet. 

Daily  gage  height,  in  feet.  "/  Talliiiah  Ritvr  at  Tallulah  Fatln.  Georgia,  for  1900. 
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TUGALOO  RIVER  NEAR  MADISON,  SOUTH  CAROLINA. 

This  station,  established  July  19,  1898,  at  Cook's  ferry,  about  a 
alf  mile  from  Madison,  South  Carolina,  1  mile  below  the  Southern 
Railway  bridge  over  Tugaloo  River  and  2  miles  above  the  mouth  of 
)hHUga  Creek,  is  described  in  Water-Supply  Paper  No.  36,  page  127. 
tesultB  of  measurements  are  given  in  the  Twentieth  Annual  Report, 
*art  IV,  page  162,  and  in  the  Twenty-first  Annual  Report,  Part  IV, 
►age  131.  During  1900  the  following  measurements  were  made  by 
fax  Hall  and  others: 

February  21:  Gage  height,  4.25  feet;  discharge,  2,243  second-feet. 
Angust  30:  Gage  height,  1.71  feet;  discharge,  872  second-feet. 
December  25:  Gage  height,  3.60  feet;  discharge,  1,717  second-feet. 
December  27:  GkM?e  height,  2.80  feet;  discharge,  1,414  second-feet. 

OaUy  gage  height,  in  feet,  of  TugcUoo  River  near  Madison,  South  Carolina,  for 

1900. 


Day. 


I 


Jan. 


1. 
t. 
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4 
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8 

9 

10 

U 
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U 
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16 

17 
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1.4 
1.8 
1.3 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.4 
1.6 
6.5 
8.3 
2.5 
2.1 
2.0 
1.9 
1.8 
4.5 
6.0 
8.4 
8.1 
2.9 
2.4 
2.4 
2.2 
2.1 
1.9 
1.9 
1.8 
1.8 


Feb. 


1.6 
1.6 
1.8 
1.7 
3.5 
2.3 
2.1 
2.2 
3.0 
8.5 
4.6 
7.0 
19.9 
9.0 
6.2 
5.2 
4.5 
4.0 
S.S 
3.5 
3.5 
5.0 
4.0 
3.8 
4.0 
3.5 
8.3 
8.1 


Mar. 


9.4 
5.5 
8.9 
8.9 
8.7 
8.5 
8.8 
4.8 
6.6 
5.1 
4.5 
4.2 
3.0 
3.7 
8.6 
5.1 
4.0 
3.6 
8.7 
6.2 
5.0 
4.4 
4.2 
4.1 
4.2 
5.8 
4.8 
4.8 
4.1 
8.9 
3.7 


Apr. 

May. 
4.2 

June. 

July. 
5.1 

3.5 

2.3 

3.4 

4.1 

2.6 

5.6 

3.4 

4.3 

2.8 

5.1 

3.6 

4.0 

2.7 

4.6 

8.7 

a8 

2.9 

4.2 

8.4 

3.7 

2.9 

3.0 

3.8 

8.6 

5.5 

8.8 

8.2 

3.4 

6.7 

3.6 

8.1 

3.4 

4.5 

3.8 

3.1 

8.3 

8.6 

3.6 

3.3 

3.2 

8.8 

8.7 

4.1 

3.1 

8.0 

a6 

3.8 

3.1 

8.3 

3.9 

8.4 

3.0 

3.3 

3.9 

3.2 

2.0 

8.1 

3.7 

3.0 

2.0 

3.0 

3.6 

5.0 

2.8 

6.9 

3.2 

5.1 

2.8 

5.8 

3.1 

7.6 

8.8 

4.5 

3.0 

7.5 

2.8 

3.0 

2.0 

13.4 

2.7 

3.5 

2.8 

8.3 

2.6 

4.2 

2.8 

6.8 

2.5 

5.8 

3.1 

6.2 

8.3 

13.0 

2.0 

5.3 

2.0 

9.4 

2.7 

4.0 

2.0 

11.4 

3.6 

4.6 

2.7 

6.5 

3.2 

4.0 

2.5 

6.9 

as 

4.7 

2.5 

6.4 

8.1 

4.4 

2.4 

5.7 

4.2 

2.8 

3.3 

Aug. 


3.1 
2.8 
2.7 
2.5 
2.5 
2.4 
2.8 
2.3 
2.2 
2.1 
2.1 
2.1 
2.3 
2.0 
2.3 
2.1 
2.3 
2.1 
2.0 
LP 
1.8 
1.8 
2.1 
2.3 
2.1 
2.2 
1.0 
1.8 
1.7 
1.7 
2.8 


Sept. 


2.5 
2.8 
2.1 
1.0 
1.8 
1.7 
1.6 
1.6 
1.5 
1.5 
1.5 
1.4 
1.4 
1.6 
8.1 
7.3 
4.0 
2.9 
2.6 
2.3 
2.2 
2.1 
2.0 
2.0 
2.0 
1.8 
2.1 
1.0 
1.8 
1.7 


Oct.  I  Nov. 


1.7 
1.6 
1.7 
1.7 
1.0 
3.2 
1.8 
1.8 
1.5 
1.8 
1.7 
1.6 


2.1 
2.1 
2.2 
2.0 
2.8 
2.1 
2.0 
2.0 
1.0 
1.0 
1.8 
1.8 


Dec. 


2.6 

1.8  i 

1.8 

1.7 

1.6 

1.7 

1.6 

1.7  1 

1.5 

1.7 

1.5 

1.8 

1.4 

1.0 

1.4 

2.0 

1.4 

2.0 

1.6 

2.0 

7.4 

1.0 

6.8 

1.0 

4.0 

2.2 

3.0 

9.4 

2.0 

5.3 

2.6 

4.1 

2.5 

3.0 

2.3 

3.4 

2.2 



2.5 
2.4 
2.8 
5.6 
4.8 
3.4 
3.1 
3.0 
2.0 
2.6 
2.5 
2.4 
2.3 
2.3 
2.2 
2.2 
2.1 
2.1 
2.0 
2.3 
4.2 
3.3 
8.0 
4.2 
3.6 
3.1 
2.8 
2.7 
2.6 
2.6 
4.0 


SAVANNAH  RIVER  NBAR  CALHOUN  FALLS,  SOUTH  CAROLINA. 

This  station  was  established  August  4 ,  1896,  on  the  Seaboard  Air 
line  bridge  across  Savannah  River,  above  the  mouth  of  Beaverdam 
Creek,  below  Rocky  River,  and  about  3  miles  west  of  the  town  of 
Calhoun  Falls,  South  Carolina.  It  is  described  in  Water-Supply 
J^aper  No.  36,  page  129.  More  than  four-fifths  of  the  drainage  area 
f)f  this  river  in  the  Blue  Ridge  Mountains  in  North  Carolina,  South 
CSftrolina,  and  Georgia  is  covered  with  the  original  oak  forest.  Records 
of  flow  during  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
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OPERATIONS   AT   RIVER   STATIONS,  1900. PART   H.        [ho.  4 


Part  IV,  pa£:e  134.     During  1900  the  followmg  measnrement  was  mad 
by  Max  Hall: 

March  1:  Gage  height,  5.47  feet;  discharge,  18,803  second-feet. 

Daily  gage  height,  in  feet,  of  Savannah  River  near  Calhoun  Falls,  South  Cat 

Una,  for  1900, 
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4.6 
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a  4 
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4.6 
4.5 
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4.2 
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4.8 
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a  9 
a  7 
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as 
a  4 
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a  6 
as 
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a  9 

5.0 
5.1 
8.0 
10.4 
5.5 
6.9 
6.0 
4.9 
4.2 
4.0 
4.2 
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2.9 
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ao 

2.9 
2.8 
2.6 
2.5 
2.3 
2.2 
2.1 
2.0 
2.0 
4.7 
6.9 
5.0 
a  2 

ao 

2.9 
2.9 
2.7 
2.7 
2.6 
2.4 
2.4 
2.2 
2.0 
2.0 
2.1 

2.1 
2:0 
2.0 
2.1 
2.1 

ao 
2.7 
2.6 

2.5 
2.4 
2.4 
2.6 

a  9 

ao 

2.9 
2.8 
2.6 
2.5 
2.5 
2.4 
2.4 
2.4 
2.6 
5.0 
4.0 

a  9 
a  7 

a  6 
as 

ai 
2.9 

1 

2 

4 

3 

1     i 

4 

5 .- 

6 

1     ] 

7 

8 

1     ! 

i               i 
1                ] 

9 

1                 a 

10 

11 

1                 ] 

12 

1         ] 

18 

14 

16 

1         ] 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

28 

2 

28 

29 

80 

n 

81 

8 

SAVANNAH   RIVER  AT  AUGUSTA,  GEORGIA. 

Observations  of  river  heights  have  been  maintained  at  the  highwa 
bridge  in  the  city  of  Augusta  since  1875.  The  station  is  described  i 
Water-Supply  Paper  No.  36,  page  130.  The  gage  heights  as  put 
lished  are  the  average  of  four  daily  readings  reduced  to  feet  and  hui 
dredths.  Discharge  measurements  are  made  at  the  North  August 
highway  bridge.  Records  of  flow  during  1899  will  be  found  in  tl 
Twenty-first  Annual  Report,  Part  IV,  page  135.  During  1900  01 
measurement  was  made  b}'^  B.  M.  Hall,  as  follows : 

August  28:  Gage  height,  7.30  feet;  discharge,  5,908  second-feet. 


• 

Daily  gage  height  j  in  feet,  o 
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f  Savannah  River  at  Augusta,  (Georgia,  for  1900, 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

An8- 

Sept. 

Oct. 

6.18 
6.38 
6.38 
6.16 
6.40 
6.65 
7.65 
7.41 
7.35 
7.50 
6.30 
6.75 
6.85 
7.48 
7.14 
6.62 
6.56 
6.47 
6.45 
6.27 
5.95 
6.30 
6.32 
12.66 
16.  ?i 
12.30 
10  60 
9.?i 
8.52 
7.96 
7.60 

Nov. 

Dec 

1 

7.Vi 
6.94 
6.67 
6.48 
6.60 
6.67 
6.30 

6.87 
6.81 
6.44 
6.52 
8.3H 
9.10 

17.87 
23.12 
13  87 
14.06 
11.44 
1O60 
1037 
1064 
17.35 
17.60 
14.35 
12.21 
10.96 
1039 
10.08 
15.25 
17.27 
14.21 
11.42 
13.68 
15.25 
13.70 
11.85 
11.78 
14.10 
19.65 
18.37 
14.79 
12.67 
11.46 
1069 

9.96 
9.89 
9.54 
9.54 
9.65 
9.63 
9.20 
9.00 
8.75 
8.90 
9.15 
11.10 
11.35 

ion 

9.47 
9.16 
8.88 
12.15 
23.89 
24.70 
24.25 
26.73 
24.73 
18.27 
14.75 
17.08 
13.73 
12.50 
11.81 
11.20 

11.50 

11.20 

10  70 

12.30 

1O60 

9.60 

9.30 

9.00 

9.00 

8.80 

8.70 

8.60 

8.40 

8.30 

8.30 

8.20 

7.80 

8.40 

9.70 

11.00 

10.60 

8.90 

8.40 

10.40 

13.00 

11.00 

9.10 

8.50 

8.10 

7.90 

7.80 

7.70 

7.50 

7.50 

8.30 

10.20 

9.50 

11.70 

19.70 

19.90 

19.90 

1O80 

9.50 

9.20 

9.30 

9.90 

9.70 

15.00 

19.80 

18.40 

13.60 

10  70 

9.60 

11.70 

21.80 

29.20 

26.80 

23.00 

19.60 

16.70 

14.60 

14.46 

12.90 

12.25 

11.66 

10  60 

9.62 

9.27 

8.96 

8.79 

8.39 

8.52 

8.22 

8.68 

8.94 

9.60 

9.37 

8.64 

8.37 

8.19 

8.04 

7.80 

7.39 

8.00 

8.20 

8.92 

8.32 

9.23 

11.12 

1O20 

11.88 

13.35 

11.29 
9.46 
8.30 
7.76 
7.78 
7.33 
7.27 
7.19 
7.13 
7.09 
7.06 
tt.57 
6.62 
7.31 
7.17 
6.77 
7.67 
7.27 
6.78 
6.82 
6.62 
6.48 
6.50 
6.56 
6.77 
7.77 
7.12 
7.20 
6.69 
6.62 
7.08 

7.37 
7.79 
8.35 
7.83 
7.00 
6.85 
6.44 
6.20 
6.27 
5.89 
6.16 
6.06 
6.08 
5.90 
7.40 
14.49 
14.24 
10.60 
H.35 
7.70 
7.27 
7.12 
6.92 
6.35 
6.75 
6.60 
6.67 
6.46 
6.50 
6.10 

7.20 
7.30 
7.70 
13.80 
12.00 
9.30 
8.00 
7.70 
7.50 
7.40 
6.90 
7.00 
7.10 
7.00 
7.00 
6.80 
6.80 
0.50 
6.80 
7.20 
7.50 
7.40 
7.30 
7.40 
7.00 
lOOO 
14.90 
11.80 
9.10 
8.30 

7.05 

4 

7.50 

8 

7.76 

4 

5 

9.18 
15.81 

6 

14.44 

7 

11.22 

8 

6.65      8.06 
6.71      8.12 
6.71     10.04 
7.12     20.fiB 

9.82 

0 

10 

11 

8.50 
8.40 
8.06 

Ijg 

10.40 

15.00 

12.79 

9.37 

8.65 

8.12 

7.67 

7.94 

8.94 

1026 

10.44 

9.11 

8.44 

8.12 

7.96 

27.19 
29.60 
32.31 
30.06 
22.08 
16.29 
12.75 
11.39 
1046 
1036 
14.79 
15.44 
12.89 
12.96 
12.37 

7.90 

18 

7.80 

14 

8.80 

15   

1L56 

16 

0.81 

17 

18 

8.60 
7.97 

M 

ao 

a 

7.44 

8.15 

18.10 

28 

12.70 

88 

11.12 

84 

9.85 

25 

88 

9.40 
0.20 

87 

7.73 

10.98 

8.72 

88 

7.19 

7.22 
7.20 
7.08 

1031 

8.40 

89 

8.25 

80 

8.40 

81 

15.22 

BROAD   RIVBR   (OF  GEORGIA)   NEAR    CARLTON,    GEORGIA. 

This  station,  established  May  27,  1897,  is  located  on  the  bridge  of 
the  Seaboard  Air  Line  3  miles  east  of  Carlton,  Georgia,  and  3  miles 
above  the  mouth  of  the  South  Fork.  A  description  of  the  station  is 
given  in  Water-Supply  Paper  No.  36,  page  131.  The  gage  was  last 
verified  on  October  17,  1900.  Records  of  flow  for  1899  will  be  found 
in  the  Twenty-first  Annual  Report,  Part  IV,  page  132.  During  1900 
the  following  measurements  were  made  by  Max  Hall: 

February  16:  Gk^pe  height,  4.25  feet;  discharge,  2,088  second-feet. 
March  80:  G^age  height,  a.30  feet;  discharge,  1,480  second-feet. 
May  8:  G^age  height,  4.49  feet;  discharge,  2,562  second-feet. 
October  17:  Gage  height,  2.22  feet;  discharge,  661  second-feet. 
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OPERATIONS   AT   BIVEB  STATIONS,  1900. — ^PABT  H.         [naA 


Daily  gage  height,  in  feet,  of  Broad  River  {of  Georgia)  near  Carlton,  Oeorgia, 

for  1900. 


Day. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

U 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

28 

30 

81 


Jan. 


2.40 
3.40 
2.40 
2.85 
2.85 
2.80 
2.80 
2.80 
2.80 
2.40 
2.90 
5.85 
4.90 
3.80 
2.05 
2.75 
2.65 
3.15 
8.60 
8.75 
3.70 
2.85 
2.70 
2.60 
2.50 
2.46 
2.45 
2.40 
2.40 
2.85 
2.30 


Feb. 

Mar. 

Apr. 

May. 

Jnne. 

2.80 

5.50 

a  10 

a  40 

2.60 

2. 30 

4.90 

a  10 

a  20 

2.50 

2.30 

8.85 

a  00 

4.70 

2.80 

2.80 

8.30 

a  10 

a  90 

2.90 

8,30 

3.15 

a  00 

a  20 

2.90 

2.05 

3.00 

a  00 

a  10 

a  00 

2.70 

3.00 

2.90 

a  00 

4.80 

2.65 

6.60 

2.80 

a  00 

7.70 

2.80 

6.80 

2.80 

2.90 

7.60 

4.00 

5.10 

2.70 

2.90 

a  80 

6.00 

3.80 

a  50 

2.90 

a  20 

10.60 

8.80 

a  00 

2.80 

a  10 

22.20 

3.20 

a  90 

2.80 

a  10 

16.00 

3.10 

a  30 

2.80 

aoo 

8.00 

8.00 

a  10 

2.70 

a  10 

4.30 

4.20 

a  00 

2.70 

a  60 

a7o 

3.80 

2.90 

2.70 

4.30 

8.80 

3.80 

a  90 

2.70 

5.60 

8.20 

aio 

7.50 

a  00 

4.90 

8.10 

4.60 

6.70 

2.90 

aso 

a  10 

4.10 

a  00 

2.70 

a  10 

aso 

8.70 

12.20 

2.70 

a  00 

8.65 

8.40 

5.80 

2.70 

4.20 

8.20 

3.60 

6.60 

4.00 

18.00 

8.65 

4.70 

7.30 

a  20 

12.60 

8.60 

6.50 

5.10 

2.90 

7.00 

8.20 

5.30 

a  90 

2.80 

5.60 

aoo 

4.00 

a  70 

2.70 

4.60 

aso 

a  50 

2.70 

4.00 

a  80 

a  50 

2.60 

4.50 

a  25 

2.60 

. 

Jnly. 


aso 
a  80 
a  40 
a  20 
a  00 

2.90 
2.80 
2.80 
2.80 
2.70 
2.60 
2.90 
a  05 
a  55 

a  00 

2.90 
2.80 
2.70 
2.60 
2.60 
2.50 
2.50 
2.50 
a  00 
2.70 
2.90 
a  40 

a  70 
a  40 
a  80 
a  90 


Aug. 

Sept 

Oct. 

Nov. 

a  70 

2.80 

2.10 

2.40 

a  80 

2.50 

2.10 

2.40 

a  60 

2.50 

2.10 

0.60 

a  60 

2.30 

2.20 

8.60 

2.50 

2.20 

2.80 

2.80 

2.50 

2.20 

2.50 

2.eo 

2.50 

2.10 

a  00 

2.60 

2.40 

2.10 

2.60 

2.40 

2.40 

2.10 

2.50 

2.40 

2.80 

2.10 

2.40 

2.40 

230 

2.10 

2.80 

2.40 

2.30 

2.00 

2.30 

2.40 

4.00 

2.00 

2.70 

2.ao 

2.50 

2.10 

2.60 

2.ao 

2.40 

5.50 

2.40 

2.80 

2.40 

5.00 

2.80 

2.30 

2.60 

4.00 

2.20 

2.ao 

2.50 

2.80 

2.20 

2.ao 

^.60 

2.50 

2.20 

2.40 

2.40 

2.40 

2.20 

2.40 

2.30 

2.30 

2.20 

2.40 

2.20 

2.80 

2.10 

2.60 

2.30 

2.80 

4.20 

2.40 

2.20 

2.30 

5.00 

2.40 

2.20 

2.20 

a  10 

a  00 

2.60 

2.20 

4.00 

aoo 

2.50 

2.20 

aso 

2.80 

2.20 

2.20 

a  10 

2.00 

2.20 

2.20 

2.70 

2.60 

2.90 

2.10 

2.60 

2.60 

2.20 

2.60 

2.4D 

2.m 

4.» 
6.60 

a6o 

&9 
2.80 
2.  ID 
2.« 
2.« 
2.60 
2.60 
2.60 
2.« 
2.0 
2.40 
2.40 
2.4) 
2.60 

aoo 
a» 
aoo 

2.00 
2.00 

aoo 

2.S0 
2.00 

an 
an 
aoo 


OCONEE  RIVER  NEAR  DUBLIN,    GEORGIA. 

This  station  was  established  by  the  United  States  Weather  Bureau 
in  18y4,  was  discontinued  on  April  30,  1897,  and  was  reestablished 
by  the  Georgia  geological  survey  on  February  11,  1898.  Since  Octo- 
ber 15,  1898,  tlie  station  has  been  maintained  by  the  United  States 
Weather  Bureau.  It  is  located  about  a  hall'  mile  east  of  Dublin, 
Georgia,  and  is  described  in  Water-Supply  Paper  No.  36,  page  133. 
Records  of  measurement  will  be  found  as  follows:  For  1898,  Twen- 
tieth Annual  Report,  Part  IV,  page  170;  for  1899,  Twenty-first  Annual 
Report,  Part  IV,  page  136.  During  1900  the  following  measure- 
ments of  Oconee  River  at  Dublin  were  made  by  B.  M.  Hall  and  his 
assistants  : 

April  12:  Gage  height,  4.25  feet;  discharge,  4,680  second-feet. 
December  7:  Gage  height,  7.80  feet;  discharge,  7,991  second-feet. 


OEOBGIA. 
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Miy  gage  height  y  in  feet  ^  of  Oconee  River  near  Dublin,  Georgia,  for  1900. 


D»y. 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

2.4 
2.1 
1.8 
1.7 
1.6 
1.6 
1.6 
1.4 
1.2 
1.4 
1.9 
2.4 
4.3 
6.4 
6.7 
4.9 
3.3 
2.9 
3.8 
3.2 
4.1 
4.7 
4.4 
8.9 
3.8 
2.9 
2.4 
2.2 
2.0 
1.8 
1.7 

1.7 
1.6 
1.6 
1.6 
1.8 
3.4 
3.7 

a6 

3.1 

3.6 

7.9 

10.2 

11.9 

16.4 

22.0 

24.4 

24.9 

24.1 

22.6 

20.0 

17.2 

14.0 

10.7 

9.1 

9.0 

8.7 

8.1 

7.4 

8.0 

9.6 

10.4 

11.0 

11.7 

11.0 

9.0 

6.6 

6.8 

7.0 

8.0 

8.6 

8.7 

8.0 

7.1 

6.4 

8.1 

8.7 

9.0 

9.1 

8.6 

7.4 

7.8 

8.8 

8.9 

9.6 

9.6 

9.8 

10.2 

10.4 

10.2 

8.8 
6.6 
6.3 
4.8 
4.6 
4.3 
4.2 
4.0 
3.7 
3.6 

as 
a9 

6.0 
6.9 
6.3 
6.0 
4.1 

a  4 

6.1 
8.2 
11.1 
16.6 
16.9 
17.6 
17.3 
17.0 
17.1 
16.0 

ia6 

11.4 

as 

6.1 
6.9 
7.3 
7.6 
6.7 
6.4 
4.1 

a  9 
as 
ao 

2.7 
2.6 
2.3 
X.Z 
2.1 
2.0 
1.9 
2.1 

a  7 

6.6 
6.3 

a  6 
ai 
a  6 

6.8 
6.0 

a  4 
ao 

2.2 
1.9 

1.6 
1.4 
1.3 
1.2 
1.9 
2.8 
4.1 
6.0 
6.0 
6.2 
6.2 
6.7 
4.3 

ao 

2.9 
6.0 
7.6 

as 

9.9 
10.3 
10.6 
10.2 

7.9 

ao 

9.0 

9.9 

11.6 

ia7 

20.0 
20.8 

19.0 

ia9 

14.8 

12.7 

10.1 

a  6 

ao 

6.6 

a  9 
a  2 

2.6 
2.8 

a  6 
ai 

6.6 
4.7 
4.1 
2.8 
2.3 
2.0 
1.8 
1.6 
1.2 
1.0 
2.4 

ai 

2.1 
1.7 
1.7 
6.9 
6.2 

4.7 
6.0 
a  7 

2.9 

2.5 

1.9 

1.6 

1.6 

1.6 

1.3 

.7 

.4 

.2 

.1 

.3 

1.1 

.8 

.6 

.6 

.3 

.1 

.6 

.6 

.4 

.8 

1.3 

.9 

.7 

.6 

.6 

.8 

0.8 

2.7 

2.3 

2.1 

1.6 

1.2 

.6 

.4 

.2 

.2 

.0 

-  .2 

-  .8 

-  .1 

-  .1 
.4 

4.8 
6.8 

ao 
a  6 

1.9 
1.3 
.7 
.4 
.3 
.3 
.3 
.2 
.2 
0.0 

-0.1 

-  .3 

-  .3 

-  .2 
.0 
.8 

1.2 
.9 
1.1 
1.2 
1.0 
.8 
.6 
.7 
.6 
.6 
.6 
.6 
.2 
.1 
.1 
.0 
.0 
.7 

a  7 

6.6 

a  6 
ao 

2.1 
1.9 
1.3 

1.0 
.9 

a  7 

4.7 

a  6 
a  6 
a  6 

4.8 

a  9 

2.6 

1.8 

1.3 

1.2 

1.0 

1.0 

.9 

.8 

.7 

.9 

.7 

.7 

1.1 

1.2 

.8 

.8 

.7 

1.7 

a  6 
as 
a  4 

2.8 

1.8 

1.6 

1.8 

a  2 

6.4 

7.2 

7.6 

6.8 

10 

4.6 

n 

as 

IS , 

2.7 

B :::::': 

2.3 

M 

IS 

2.3 
6.2 

M 

6.7 

IT 

8.1 

IS 

8.4 

m 

a4 

Rl 

4.2 

B. 

4.6 

m 

6.8 

7.7 

M 

8.0 

K 

8.2 

m 

6.6 

ff 

m 

m 

4.8 

as 

8.4 

0 

as 

a 

8.4 

YELLOW  RIVBR  AT  ALMON,   GEORGIA. 

.  This  Station,  which  was  established  September  12, 1897,  is  described 
n  Water-Supply  Pai)er  No.  36,  page  134.  During  the  year  1900  the 
iridge  was  washed  away  and  a  new  bridge  was  built,  but  the  gage 
TBS  preserved  and  a  new  gage  was  referred  to  the  same  datum.  It  is 
ttached  to  the  post  of  a  bridge  bent  near  the  left  bank,  and  is  referred 
0  a  bench  mark  on  a  sycamore  tree  on  the  left  bank  40  yards  above 
lie  bridge,  a  railroad  spike  in  the  tree  being  7  feet  above  the  zero  of 
lie  gage.  The  gage  was  verified  December  22,  1900.  Records  of 
leasurements  at  this  station  during  1899  will  be  found  in  the  Twenty- 
nt  Annual  Report,  Part  IV,  page  137.  During  1900  the  following 
leasurements  of  the  discharge  at  Almon  were  made  by  B.  M.  Hall 
nd  his  assistants : 

April  19:  Gage  height,  9  feet;  discharge,  8,295  second-feet. 
November  SO:  Gage  height,  2.40  feet;  diacharge,  341  second-feet. 
December  22:  Gktge  height,  4.50  feet;  discbarge,  966  second-feet. 
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OPERATIONS    AT   RIVER  STATIONS,  1900. PART   H.        [Ka 


Daily  gage  height^  in  feet ^  of  Yellow  River  at  Almon,  Oeorgia,  for  1900, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Hay. 

Jane. 

2.4 
2.4 
2.4 
2.4 
3.4 
4.0 
3.4 
6.7 
4.4 
3.3 
3.1 
2.9 
2.8 
3.2 
3.0 
4.0 
6.0 
5.0 
4.0 
3.5 
3.2 
3.0 
7.5 
11.0 
11.0 
12.0 
9.0 
9.5 
6.3 
5.0 

July. 

Ang. 

Sept. 

8.0 
8.0 
2.5 
2.3 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
8.0 
8.0 
7.0 
4.0 
3.0 
2.5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

Oct. 

Nov. 

D 

1 

2.1 
1.9 
1.9 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.3 
2.9 
4.4 
3.5 
8.0 
2.5 
2.5 
2.4 
8.4 
4.0 
4.3 
3.6 
3.0 
2.8 
2.6 
2.5 
2.4 
2.3 
2.2 
2.1 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.5 
2.7 
2.5 
2.5 
3.5 
5.7 
5.9 
15.0 
20.0 
16.0 
7.0 
5.0 
4.9 
4.7 
3.6 
4.7 
3.9 
3.8 
3.7 
3.7 
3.7 
8.8 
3.8 
3.8 

4.5 
4.5 
3.5 
3.4 
8.2 
3.0 
8.0 
4.7 
10.0 
6.0 
4.0 
3.8 
3.6 
3.4 
3.3 
3.8 
3.4 
3.0 
3.4 
5.0 
4.3 
3.7 
3.4 
3.7 
5.5 
8.0 
6.0 
4.4 
4.0 
3.5 
3.2 

3.1 
3.0 
8.0 
3.0 
3.0 
3.0 
2.9 
2.9 
2.9 
2.9 
3.9 
4.7 
4.0 
3.4 
3.0 
2.0 
3.0 
8.0 
9.0 
6.8 
12.0 
10.0 
6.0 
7.2 
12.0 
6.8 
6.0 
5.8 
5.4 
4.3 

3.7 
3.8 
7.2 
6.9 
4.0 
3.6 
8.4 
3.2 
8.1 
3.0 
3.0 
3.0 
2.9 
2.8 
2.8 
2.8 
2.8 
2.7 
8.5 
2.8 
2.8 
2.6 
2.6 
4.0 
8.0 
2.8 
2.6 
2.4 
2.4 
2.4 
2.4 

4.0 
5.0 
5.0 
4.7 
4.0 
3.5 
3.0 
3.0 
8.0 
8.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.8 
2.7 
2.6 
2.5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.5 
2.0 
3.0 
3.5 
3.5 
5.0 
4.0 

3.4 
2.7 
2.5 
2.3 
2.3 
2.2 
2.1 
2.0 
2.0 
2.0 
1.9 
1.9 
1.9 
1.9 
2.5 
2.3 
2.2 
2.0 
2.0 
2.0 
2.0 
2.5 
2.5 
2.4 
2.3 
2.0 
2.0 
2.0 
2.0 
2.0 
5.0 

2.0 
2:0 
2.0 
2.5 
2.5 
2.8 
8.5 
4.0 

ao 

2.7 
2.4 
2.4 
2.4 
2.8 
2.3 
2.2 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
8.0 
8.0 
2.5 
2.8 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 

2 

2.0 

8 

2.0  ' 

4 

4!  8  ' 

5 

4.0  1 

6 ... 

7 

8.0 
2.5 

8 

2.0 

0 

2.0  1 

10 

2.0 

11 

12 

18 

2.0 
2.0 
2.0 
2.0 
2.0 

14 

15 

16 

2.0  , 

17 

2.0  ' 

18 

2.0  1 

19 

2.0 

80 

21 

2.0 
2.0 

22 

2.0 

28 

2.0  1 

24 

2.0 

26 

2.0 

26 

4.5 

27 

28 

8.5 
2.5 
2.4 
2.4 

29 

80 

81 

TOWALIGA  RIVEB  NEAR  JULIETTE,  GEORGIA. 

This  station  was  established  on  the  Southern  Railway  bridge 
miles  north  of  Juliette,  Georgia,  May  5,  1899,  but  observations 
gage  heights  were  not  started  until  November  2,  1899.  A  descripti 
of  the  station  will  be  found  in  Water-Supply  Paper  No.  36,  pt 
136.  Bench  mark  No.  1  is  an  iron  girder  40  feet  from  the  left  end 
the  bridge  and  is  37.30  feet  above  gage  datum.  W.  L.  Jackson, 
farmer  living  near  the  station  (post-office  address,  Berner,  Georgi 
is  the  observer.  Records  of  measurements  made  during  1899  will 
found  in  Water-Supply  Paper  No.  36,  page  136.  During  1900  t 
following  measurements  were  made  by  B.  M.  Hall  and  his  assistan 

February  17:  Gage  height,  6.85  feet;  discharge,  1,025  second-feet. 
April  8:  Gage  height,  2.60  feet;  discharge,  848  second-feet. 
December  8:  Gage  height,  2.75  feet;  discharge,  468  second-feet. 
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DaUy  gage  height^  infeet^  of  TowcUiga  River  near  Juliette,  Georgia,  for  1900. 


Day. 


Jan. 


2.8 
2.8 
2.0 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
2.7 
2.8 
2.3 
2.2 
2.1 
2.0 
2.1 
2.8 
3.2 
2.9 
2.6 
2.8 
2.2 
2.2 
2.] 
2.0 
2.1 
2.0 
2.0 
2.1 


Feb. 


2.0 
1.9 
1.9 
2.1 
2.7 
2.6 
2.3 


4 
4 


1. 

2. 

7.8 
11.8 
14.1 
14.8 

las 

16.8 
8.8 

4.8 
3.8 

a3 

8.2 
2.4 
4.0 
8.3 
2.9 
2.4 

ao 

2.9 

2.4 


Mar. 


2.9 
4.8 
3.1 
2.8 
2.4 
2.4 
1.4 
2.9 
3.4 
2.8 
2.8 
1.3 
2.0 
1.1 
1.0 
4.0 
8.1 
2.3 
l.l 
8.3 
3.1 
2.3 
2.2 
2.7 
3.4 
4.0 
3.6 
2.8 
2.4 
2.4 
2.1 


Apr. 


1.8 
1.6 
2.6 
2.8 
2.6 
2.5 
2.7 
2.6 
2.6 
2.6 
8.4 
6.7 
4.0 
2.9 
2.8 
2.7 
2.7 
12.8 
17.8 
14.8 
7.8 
12.8 
6.6 
4.8 
4.1 
3.6 
8.4 
8.2 
3.3 
3.2 


May. 


3.1 
8.6 
4.9 
8.3 
3.1 
2.6 
2.6 
2.6 
2.6 
2.6 
2.4 
2.4 
2.4 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.1 
2.8 
2.9 
2.6 
2.4 
2.4 
2.2 
2.1 
2.1 


June. 

July. 

Aug. 

2.0 

4.0 

2.2 

2.1 

4.0 

2.2 

2.1 

3.6 

1.7 

3.7 

8.5 

1.7 

2.9 

4.1 

2.3 

2.6 

a6 

1.7 

3.2 

3.3 

1.6 

6.2 

4.2 

1.3 

2.4 

4.0 

1.2 

2.6 

4.0 

1.2 

2.9 

3.8 

1.2 

2.3 

8.7 

1.1 

2.8 

4.4 

1.3 

2.4 

3.7 

1.0 

2.3 

2.2 

1.7 

2.9 

2.0 

1.6 

8.8 

1.8 

1.3 

3.8 

1.0 

1.9 

4.1 

1.0 

1.8 

5.2 

1.0 

1.2 

2.2 

1.0 

1.1 

1.9 

1.6 

0.8 

2.2 

1.6 

0.9 

9.8 

2.2 

2.1 

10.8 

1.9 

3.0 

8.8 

1.6 

4.3 

6.8 

2.4 

2.6 

6.6 

2.6 

1.6 

6.2 

4.0 

1.2 

4.2 

6.1 

1.6 

8.4 

6.6 

Sept. 


4.6 
1.6 
1.9 
1.6 
1.6 
1.8 
1.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.4 
8.0 
6.4 
4.2 
3.1 
2.9 
2.0 
1.4 
1.3 
1.2 
1.3 
1.3 
1.2 
1.2 
1.1 
1.1 
0.8 


Oct 


0.9 
1.0 
1.4 
2.1 
8.4 
3.6 
8.9 
3.8 
1.7 
1.6 
1.6 
1.6 
1.7 
1.7 
1.6 
1.4 
1.8 
1.1 
l.l 
1.1 
1.1 
1.1 
2.4 
8.6 
8.6 
2.9 
2.1 
1.6 
1.3 
1.2 
1.2 


Nov. 


1.3 
2.0 
8.2 
7.0 
6.4 
3.6 
2.2 
2.1 


1.9 
1.9 
1.9 
1.8 
1.8 
1.8 
2.0 
1.9 
1.8 
1.8 
1.9 
1.9 
2.6 
4.4 

ai 

2.4 
2.3 
1.9 


Dec. 


1.9 
1.9 
4.7 
4.0 
8.4 
8.0 
3.0 
2.4 
2.4 
2.8 
2.0 
2.0 
2.3 
9.0 
7.4 
4.0 

a6 
ao 

2.6 
6.4 
7.6 
6.6 

a  6 

a  6 

2.8 
2.7 
2.6 
2.6 

as 
a4 

4.8 


OCMULGBB  RIVER  AT  MACON,  GEORGIA. 

This  station  was  established  by  the  United  States  Weather  Bureau 
^nnary  21, 1893,  and  measurements  were  begun  by  the  United  States 
eological  Survey  in  1895.  The  station  is  described  in  Water-Supply 
aper  No.  36,  page  136.  During  the  year  1900  Mr.  T.  S.  Collins,  of 
le  United  States  Weather  Bureau,  put  in  a  new  gage  on  the  center 
ier  of  the  bridge  on  which  the  old  gage  was  placed,  and  referred  it  to 
le  same  datum  as  the  old  gage.  The  old  gage  is  still  in  place,  is  in 
x)d  condition,  and  is  still  used  except  during  low  water,  when  mud 
3camulate8  around  its  base  at  a  higher  level  than  the  river.  The 
Bw  gage  was  put  in  to  save  cleaning  away  the  mud  from  the  bottom 
'  the  old  gage.  Records  of  measurements  for  1899  will  be  found  in 
16  Twenty-first  Annual  Report,  Part  IV,  page  139.  During  1900  the 
allowing  measurements  were  made  by  B.  M.  Hall  and  his  assistants: 

April  18:  Gage  height,  7.38  feet;  discharge,  4,855  second-feet. 
November  20:  Gage  height,  2.40  feet:  discharge,  1,369  second-feet. 
December  6:  Gage  height,  8.65  feet;  discharge,  5,698  second-feet. 
December  21:  Gkige  height,  12.82  feet;  discharge,  9,621  second-feet 
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Daily  gage  height,  in  feet,  of  Ocmvigee  River  at  Macon,  Oeorgia,  for  1900, 
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FLINT  RIVER  AT  ALBANY,  QBOROIA. 

This  station,  which  is  described  in  Water-Supply  Paper  No.  36, 
page  138,  was  originally  established  by  the  United  Stales  Weather 
Bureau  od  April  10,  1893,  and  has  been  maintained  from  that  date  to 
the  present  time.  In  1898  the  gage  was  washed  ont  by  a  freshet,  bat 
soon  afterwards  it  was  replaced.  The  present  rod  is  located  at  the 
foot  of  Broad  street,  just  below  the  county  bridge.  It  is  a  pine  board, 
and  is  in  two  sections.  The  first  section,  which  reads  from  0  to  18.6 
feet,  is  spiked  to  a  cypress  stump  which  stands  at  the  edge  of  the 
water;  the  second  section,  which  reads  from  18.7  feet  to  30  feet,  is 
spiked  to  a  cypress  pole.  The  bench  marks  are  as  follows:  (1)  The 
top  of  the  rail  at  the  railroad  station  of  the  Plant  System,  being  43.2 
feet  above  the  zero  of  the  gage  and  184  feet  above  mean  sea  level, 
making  the  elevation  of  the  zero  of  the  rod  141.8  feet  above  sea  level; 
(2)  a  cut  in  the  lower  iron  pier  of  the  county  bridge  10  feet  above 
gagt?  datum  and  151.8  feet  above  mean  sea  level;  and  (3)  a  spike  in 
the  comer  of  Mase  &  Company's  warehouse,  corner  of  Broad  and  Front 
streets,  53.8  feet  above  gage  datum.  The  highest  water  recorded 
was  on  March  25, 1897,  when  the  height  of  31.6  feet  was  reached,  and 
the  lowest  point  recorded  since  the  commencement  of  the  record 
was  on  October  9, 1895,  when  the  reading  was  —0.9  toot.  The  danger 
line  is  at  30  feet.  Discharge  measurements  are  made  at  the  coonty 
highway  bridge  in  Albany,  a  steel  structure  in  two  spans  of  130  feet 
each,  with  two  approaches  of  316  and  205  feet,  respectively. 
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Einchafoonet-  and  Hackalee  creeks  are  two  important  tributaiies 
rf  Flint  River.  They  unite  about  2  miles  north  of  Albany,  forming 
Big  Uuckalee  Creek,  whivh  enters  Flint  River  on  the  west  side  within 
he  city  limits.  There  is  a  wagon  bridge  over  the  Kinchafoonee 
tbout  1  mile  above  its  junction  with  the  Muckalee,  and  a  similar 
mdge  on  the  Muckalee  1)  miles  above  its  mouth  and  about  300  yards 
»Iow  the  mouth  of  the  Kinchafoonee.  Measurements  will  be  made 
it  these  bridges  whenever  Flint  Rivtr  is  measured  at  Albany.  No 
liflcharge  measurementa  were  made  at  this  point  during  190U  or  in 
neviooB  years,  but  measurements  will  be  made  daring  1901. 

Daiiggage  heigJtt,  in  feet,  of  Flint  River  at  Albany,  Georgia,  for  J900, 
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FLINT  RIVEB  AT  WOODBUBV,   OEUBUtA. 

Measurements  of  the  flow  of  Flint  River  were  made  during  1897  and 
18il8  at  Molina,  Geoi^ia,  but  the  river  bed  was  so  shifting  that  the 
■tation  was  discontinued  on  June  2,  18HS.  Records  of  the  measure- 
HKnte  made  at  Molina  will  be  found  as  follows:  For  1S!)7,  Nineteenth 
Annnal  Report,  Part  IV,  page  234;  for  1898,  Twentieth  Annual  Re- 
port, Part  IV,  page  233.  A  gage  has  been  maintained  at  Albany, 
liwrgia,  by  the  United  States  Weather  Bureau,  as  described  in  Water- 
Snpply  Paper  No.  36,  page  138.  Two  measurements  were  made  in 
1899  at  the  Macon  and  Birmingham  bridge  near  Woodbury,  Georgia, 
S  miles  below  the  Molina  station.  On  March  29, 1900,  a  gage  was  put 
if  near  this  bridge,  and  the  station  was  reestablished.  The  gage  is  a 
^itioal  rod  fastened  to  a  willow  tree  on  the  left  bank  of  the  river 
About  300  feet  abor«  the  bridge,  and  is  referred  to  tike  "beiiLoV -maxY. 
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(the  top  of  the  iron  girder  under  the  cross-tics  at  a  point  13  feet  to 
left  of  the  wnter  pier),  which  is  27  feet  above  the  zero  of  the  gi 
the  zero  of  the  gage  being  fidd.C  feet  above  sea  leveL  This  gage  i 
maintained  hy  the  Georgia  geological  surrey  until  November  1, 
when  it  waH  adopted  by  the  United  States  Weather  Bureau  as  a '. 
year  station,  instiead  of  the  one  at  Reynoidu,  Georgia.  Daring 
the  following  measurements  were  made  by  B.  M.  Hall  and  his 

March  39:  Onge  height,  2.30  teet:  discharge,  3,829  seccnd-rMit. 

May  2:  Qage  height,  3.85  feet:  discharge,  3.330  second-feet. 

Det-etnber  13:  G^age  height,  0.65  toot:  diecbarge.  988  seoond-feet. 

December  31:  Gage?  height,  4.35  feet;  diechai^. -'i.iSS  second-feet. 

Daily  gage  height,  in  feet,  uf  Flint  Jiifrr  at  M'oodlntry,  Qeorgia,  for  /I 
Har-     Juna.  i  Jnlr-     Aog.      Sept.       I 


CHATTAHOOCHEE    RIVER  AT   OAKDAI^  QEOSOIA. 

Two  gaging  stations  are  maintained  on  Chattahoochee  River,  one 
at  Oakdale,  8  miles  northwest  of  Atlanta,  and  the  other  at  West 
Point,  Georgia,  where  the  river  reaches  the  Alabama  State  line.  The 
station  at  Oakdale  was  rstablished  October  17,  1895,  and  is  described 
in  Water-Supply  Paper  No.  36,  page  139.  The  results  of  measnre- 
mentfl  during  1899  will  be  found  in  the  Twenty-first  Annual  Report, 
Part  IV,  page  140.  During  1900  the  following  meaanrementa  were 
made  by  B.  M.  Hall  and  his  assistants: 

JanaarT  4:  Oage  height,  1.&8  f«et;  discharge,  1,784  Becond-feet. 

March  27:  Qage  height,  5.85  feet;  discharge,  5,604  second-feet. 

jQlj  6:  Gage  height,  4  feet;  discharge,  3,886  second-feet, 

September  13:  Uage  height,  1.08  feet;  discharge,  1,456  second-feet. 

November  29:  Oage  height,  2.8a  feet;  discharge,  3,884  laoand-feet. 
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Hg  gage  heif^,  in  fitt,  of  ChattahooOiee  Biver  at  OakdaU,  Qtorgia,  for  1900, 
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CHATTAHOOCHBK  RIVBB  AT  WEST  POINT,  OEOBQIA. 

This  stAtion  wtis  established  July  30,  1896,  on  the  highway  bridge 
n  West  Point,  Geor^a,  about  500  feet  below  the  railroad  bridge.  It 
idescribefl  in  Wat«r-Supply  Paper  No.  36,  page  142.  The  gage  was 
iflt  verified  December  4,  1900.  The  observer  is  C.  E.  Melton.  The 
ssolta  of  measurements  daring  1899  will  be  found  in  the  Twenty-first 
.Diiaal  Report,,  Part;  IT,  page  111.  During  1900  the  following  mea»- 
rements  were  made  by  B.  M.  Hall  and  his  assistants; 

Jftnoary  20;  Oage  height,  4.65  feet;  discharge,  6,574  second-feet. 

Fetmiary  34;  Gage  bright,  4.03  feet;  discharge,  7,158  seoond-feet. 

Aogost  33;  Qage  height,  2.80  feet;  discharge,  3,7GS  second-feet. 

December  4;  Qage  height,  8.98  feet;  discharge,  5,224  second-feet. 
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Daily  gage  height,  in  feft,  of  ChaUiihoother  River  al  Weal  Poinf,  Oeorffia,/''M 

1900. 
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ETOWAH  RIVER  AT  CANTON,   OBORQIA. 

This  Htation  was  established  by  the  United  States  Weather  Bureau 
Hareh  12,  1891*.     It  is  located  ou  the  iron  highway  bridge  about  1,000 
feet  north  of  the  Atlanta,  Knoxville  and  Northern  Railway  station  si 
Canton  and  about  a  half  mile  north  of  Canton  Creek.     The  gage  Isi 
vertical  timber  attached  to  the  upstream  side  of  the  left-bank  pier  of 
the  bridge,  and  is  graduated  to  feet  and  tenths.     Owing  to  high  water 
at  the  time  thegagf  was  put  in  it  was  set  1  foot  higher  tiian  intended. 
Recognizing  the  error,  the  gage-height  records  were  Iwgun  by  addit^ 
1  foot  to  the  actual  readings.    It  was  the  intention  to  lower  the  gage  u 
Konn  as  the  watpr  went  ilnwn,  but  this  has  not  been  done,  so  that  all  of  ] 
the  gage  heights  and  discharge  measurements  have  been  based  on  the 
rod  with  the  zero  point  set  1  foot  lower  than  the  actual  rod.    The  gage 
will  probably  be  lowered  to  its  proper  place  during  the  year  1901. 
This  station  is  described  in  Water-Supply  Paper  No,  36,  page  143. 
Records  of  measurements  during  1899  will  be  found  in  the  Twenty- 
first  Annual  Report,  Part  lY,  page  145.     During  1900  the  following 
measurements  were  made  by  B.  M.  Hall  and  his  assistante: 
Febnuirjr  S7:  Gag»  height,  0.80  foot;  discharge,  1,113  Bocond-feet. 
May  19:  Gage  height,  l.OS  feet;  diecbHrge,  1,391  second-feet 
December  1 :  Gaga  height,  0.S5  foot;  discharge,  816  second-feet. 
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of  Etoiaih  River  at  Canton,  Oeorgia,  for  1900. 

DU.       h"^!  ^eb- 

»f»r. 

Apr. 

M»r,  iJBne, 

Joly- 

Ang. 

Bapt. 

Oct. 
0. 

■ 

Sot. 

DBS. 

i  ,°-s 

al 

f: 

: 

^ 

a 
(a 

l 

.0 

'.a 

1 

is 

aa 

J 

.1 

i; 
[ 

I. 
1. 

I 

h 

li 

8 
6 

I 
\ 

! 

;:E 

if 

.S 

■i 

!  K 

1 

I 

It 

SI  1  If! 

J 

■Ez 

'.a 

,0 

li 

0 

a 

11 

1 

Uti 

::„:"."■ 

8 

A  ■■»  I  Is 

J 

4  yi--"4  V 

I 



■■\ 

■•\- 

■\ 

L 







COOSA'WATTEH  RIVBB  AT  CAHTEE8,  GEORGIA. 

This  etation  was  established  August  15, 1896,  at  the  iron  highway 
ridge  at  Cartors,  Murray  County,  Georgia,  about  20  miles  northeast 
( Calhoun.  The  gage  was  last  verified  November  17, 1900.  The  sta- 
ioQ  is  described  in  "Water-Snpply  Paper  No.  36,  page  144.  Records 
I  measurementa  during  1899  will  be  found  in  the  Twenty-first  Annual 
teport.  Part  IV,  page  146.  During  1900  the  following  measurements 
ren  made  by  O.  P.  Hall  and  Max  Hall : 

April  88:  Gage  height,  3.60  feet;  diecbarge,  l.ffTS  second-feet. 

Uvll:  Qage  height,  3.15  feet:  discharge.  811  second- feet. 

IU7  34:  Glage  height,  2.05  feet;  discharge.  TSl  second-feet. 

Aogtut  13:  Oage  height.  1.58  feet;  discharge,  576  second-feet. 

Septonber  T:  Qage  height,  1.35  feet;  discharge,  438  second-feet, 

MoTcmber  IT;  Oage  height,  1.87  feet:  discho^e,  458  second-fset 

Norember  20:  Gage  height,  4.08  feet:  discharge,  1,809  second-feet. 

December  23:  Gage  height,  3.70  feci;  discharge,  1,183  second-feet. 
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Daily  gage  height,  in  feet,  of  Coosawattee  River  at  Carterg,  Georgia^  for  19(P 


Day. 


1.40 
1.40 

i.ao 

1.40 
1.50 
1.70 
1.80 
2.00 
4.10 
2.00 
2.fi0 
8.50 
20.60 
6.40 
4.00 
8.20 
2.80 
2.70 
2.50 
2.20 
8.00 
8.20 
3.10 
8.05 
8.00 
8.00 
2.90 
2.50 


8.00 
8.10 
2.70 
2.80 
4.75 
4.75 
4.90 
5.20 
5.00 
4.00 
8.10 
2.90 
8.00 
2.90 
2.80 
2.50 
2.50 
8.00 
7.50 
4.00 
3.50 
8.00 
2.90 
2.50 
2.00 
5.00 
8.00 
3.50 
3.10 
8.00 
2.80 


2.40 
2.40 
2.50 
2.00 
2.50 
2.00 
2.00 
2.50 
2.00 
2.70 
4.00 
5.00 
3.00 
2.50 
2.60 
2.70 
2.80 
3.00 
3.50 
3  70 
4.50 
8.50 
8.00 
2.90 
2.80 
2.70 
2.80 
3.00 
8.10 
8.00 


ICay.     June. 


1.90 
2.00 
2.00 
2.00 
2.10 
2.20 
5.00 
8.00 
6.00 
4.50 
8.00 
2.20 
2.00 
2.40 
2.00 
8.00 
8.00 
8.40 
5.00 
5.60 
4.20 
4.70 
4.50 
4.00 
6.00 
6.00 
6.60 
5.00 
4.50 
4.00 


a50 

a50 

6.00 
4.80 
4.00 
8.80 
8.60 
8.50 
8.40 
8.60 
a40 
8.80 

aoo 

2.80 
2.60 
2.00 
2.40 
2.20 
2.00 
2.00 
2.00 
1.90 
1.80 

aoo 

2.20 

a  50 

5.20 

a  20 

2.40 
2.80 
2.20 


2.00 

2.00 

1.90 

1.90 

1.80 

1.70 

1.70 

1.70 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.40 

1.40 

1.50 

1.50 

1.60 

1.60 

1.60 

1.80 

2.00 

2.50 

1.90 

(a) 

(a) 


Nov. 


(a) 

(a) 

la) 

1.50 

1.40 

1.50 

l.GO 

1.60 

l.HO 

1.50 

1.50 

1.40 

1.40 

1.80 

1.30 

1.30 

1.40 

1.40 

1.40 

1.30 

L30 

1.40 

1.40 

1.60 

a  50 

6.00 

4.00 

2.50 

1.50 

1.50 


a  No  record  Angast  26  to  November  3. 


008TANAULA  RIVER  AT  RESACA,  GEORGIA. 

This  station  was  established  July  27, 1896,  on  the  iron  bridge  of 
Western  and  Atlantic  Railroad  in  the  town  of  Resaea,  Creorgia,  1, 
feet  from  the  railroad  station.  It  is  described  in  Water-Supply  Pa 
No.  36,  page  146.  Records  of  measurements  during  181)9  will  be  foi 
in  the  Twenty-first  Annual  Report-,  Part  IV,  page  147.  During  1 
the  following  measurements  were  made  by  C).  P.  Hall : 

April  30:  Gage  height,  8  feet;  discharge.  5,118  second- feet. 
May  15:  Gage  height,  8. GO  feet;  discharge,  1,466  second-feet. 
May  25:  Gage  height,  3.75  feet;  discharge.  1,539  secopd-feet. 
December  11:  Gage  height,  4.30  feet;  discharge,  1,919  second-feet 


GEOBGIA. 
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gage  height^  infeet^  of  Oottanaula  River  at  Beaacc^  Oeargia,  for  1900. 


D»y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Nov. 

Dec. 

2.7 

r\ 

(a) 
2.7 
2.6 
2.4 
2.6 
4.2 
11.8 
11.8 
9.9 
6.1 
4.9 
4.3 
4.1 
6.1 
18.1 
12.1 
10.2 
6.0 
5.2 
4.8 
4.4 
4.0 
3.7 
3.6 
3.6 
3.4 

3.1 
8.0 
3.0 
8.1 
4.8 
4.2 
3.7 
3.6 
6.6 
9.1 
7.3 
7.8 
20.8 
28.0 
28.6 
20.8 
18.7 
6.6 
5.6 
5.2 
5.3 
9.1 
8.9 
7.8 
7.0 
6.7 
6.0 
5.6 

6.0 

7.3 

6.8 

5.9 

5.4 

6.1 

6.9 

11.8 

16.6 

14.2 

11.1 

7.6 

6.7 

6.0 

5.6 

7.3 

6.9 

5.9 

6.0 

16.9 

17.2 

13.8 

8.8 

7.7 

8.0 

12.2 

10.8 

8.8 

7.2 

6.6 

6.2 

5.8 
5.4 
5.8 
6.6 
6.3 

r».o 

5.2 

5.0 

4.8 

4.6 

7.2 

11.6 

9.8 

7.4 

6.2 

6.8 

6.8 

11.9 

12.0 

10.4 

11.8 

11.6 

9.7 

7.7 

7.2 

6.2 

5.8 

5.6 

5.5 

7.8 

6.8 
6.7 
5.5 
6.3 
4.8 
4.6 
4.4 
4.0 
3.9 
8.8 
8.7 
3.6 
8.6 
3.4 
3.4 
3.4 
3.3 
3.3 
3.8 
3.9 
3.8 
3.7 
3.6 
3.7 
3.8 
4.0 
4.0 
3.7 
3.6 
3.6 
3.4 

3.3 

a5 

4.0 
5.5 
6.0 
7.7 
7.9 
18.0 

ia8 

7.6 
6.6 
5.8 
6.8 
6.6 
5.6 
4.8 
6.6 
6.8 
10.9 
7.0 
6.6 

i\ 

12.8 
14.0 
16.0 
17.2 
17.6 
13.0 
9.6 

2.8 
2.9 
3.0 
4.6 
4.5 

a7 

8.6 
3.0 
2.9 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.7 
2.8 
3.6 
3.4 
3.3 
3.7 
14.4 
13.0 
12.2 
7.6 
5.2 

4.6 

4.2 

4.0 

6.0 

8.6 

8.8 

6.0 

5.6 

6.0 

4.8 

4.2 

4.0 

4.0 

1.0 

4.0 

3.9 

3.5 

a4 

3.4 

3.8 

10.9 

9.8 

6.8 

9.0 

8.7 

6.7 

5.6 

4.6 

5.4 

5.2 

7.7 

aProBen. 
NoTK.— This  ia  a  half-year  Weather  Bureau  station. 

COOSA  RIVER  AT  ROME,    GEORGIA. 

station  is  described  in  Water-Supply  Paper  No.  36,  page  148. 
■ements  of  flow  are  made  at  Rome,  also  at  Riverside,  120  miles 
downstream.  The  measurements  at  Rome  are  made  on  the 
aula  and  the  Etowah  just  above  their  junction  to  fonn  the 
Etowah  River  is  measured  at  the  Second  avenue  biidge,  and 
aula  River  at  the  Fifth  avenue  bridge,  and  the  results  added 
»r  give  the  flow  of  Coosa  River  at  Rome.  Results  of  measure- 
luring  1899  will  be  found  in  the  Twenty- first  Annual  Report, 
r,  page  149.  During  1900  the  following  measurements  were 
>y  Max  Hall  and  others: 

ibmary  21:  Gage  height,  4.80  feet;  discharge,  8,115  second-feet. 
ftj  19:  G^age  height,  2.80  feet;  discharge,  4,496  second-feet, 
ptember  13:  GhM^e  height,  0.90  foot;  discharge,  1,992  second-feet. 
loember  8:  Qage  height,  8.73  feet;  discharge,  6,066  second-feet 
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Daily  gage  height,  in  feet,  of  Coosa  River  at  Rome,  Georgia,  for  1900, 


Day. 


Jan. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

U 

16 

16 

17 

18 

10 

80 

81 

88 

88 

84 

85 

88 

87 

88 

80 

80 

81 


2.0 
1.6 
1.5 
1.5 
1.5 


Feb. 


2.0 
1.8 
1.6 
2.0 


1.5 
1.5 
2.0 
7.0 
9.0 
7.2 
5.5 
3.5 
3.0 
2.9 
5.0 
11.3 
10.6 
8.5 
%.8 
4.0 
3.4 
B.1 
2.8 
2.6 
2.4 
2.1 
2.0 


0 

,8 

.8 

4 

0 


3. 

3. 

2. 

2. 

4. 

6.9 

7.0 

6.4 

22.6 

27.2 

25.8 

21.2 

18.0 

10.7 

5.0 

4.0 

4.1 

6.8 

7.6 

6.0 

5.8 

5.2 

4.6 

4.0 


liar.  .  Apr.  |  May.    June. 


4.2 

5.8 

5.6 

4.4 

4.1 

3.8 

5.0 

8.2 

15.0 

13.4 

10.8 

7.5 

5.5 

4.8 

4.2 

5.3 

5.6 

4.5 

5.2 

15.9 

17.5 

14.6 

10.4 

7.2 

8.8 

13.0 

12.1 

8.9 

5.8 

5.7 

5.3 


1 

4.4 

4.2 

4.0 

4.0 

4.0 

4.0 

3.8 

3.8 

3.6 

3.5 

6.0 

11.0 

7.4 

5.5 

4.5 

5.6 

6.2 

11.0 

11.1 

11.4 

13.6 

12.7 

10.5 

8.6 

8.5 

6.5 

5.3 

4.8 

4.3 

6.0 


6.2 
4.8 
4.0 
4.0 
3.8 
3.7 
3.6 
3.4 
3.0 
8.0 
3.0 
8.0 
2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.9 
3.0 
2.6 
2.5 
2.8 
2.9 
3.2 
2.7 
2.6 
2.5 
2.4 
2.9 
3.0 


2.4 
2.5 

2.8 
4.2 
4.2 
4.2 

4.8 

13.0 

12.6 

8.0 

5.9 

5.0 

5.2 

5.3 

4.2 

3.8 

4.8 

6.0 

6.5 

7.2 

4.2 

3.6 

5.5 

14.2 

18.2 

17.0 

15.5 

15.6 

14.2 

10.0 


July. 


10.5 
8.0 
8.0 
7.0 
5.5 
4.8 
3.8 
3.8 
4.0 
4.3 
3.8 
3.4 
3.8 
3.4 
3.4 
3.3 
3.1 
8.0 
2.8 
2.6 
2.5 
2.4 
2.4 
2.4 
3.6 
2.8 
6.2 
6.8 
6.8 
4.5 
4.0 


Aug. 


3.4 
3.8 

ao 

2.8 
2.6 
2.5 
2.2 
2.2 
2.0 
2.0 
1.8 
1.8 
1.8 
1.7 
2.0 
1.7 
1.6 
1.8 
2.2 
2.0 
1.6 
1.6 
1.6 
1.9 
2.4 
2.0 
1.8 
1.6 
1.5 
1.5 
1.5 


Sept 


1.5 
1.5 
1.7 
1.7 
1.5 
1.5 


1.0 

.8 

.8 

.8 

.8 

.8 

6.6 

U.l 

7.0 

8.2 

8.3 

8.0 

1.8 

1.8 

1.6 

1.6 

1.5 

1.5 

1.4 

1.4 

1.3 

1.8 


I 


Oct. 


1.2 
1.2 
1.0 
1.0 
.9 
.9 
.9 
3.8 
5.9 
2.6 
2.0 
1.8 
2.5 
3.2 
3.0 
2.0 
1.6 
1.5 
1.5 
1.4 
1.8 
1.8 
1.6 
1.6 
1.5 
1.6 
1.4 
2.2 
2.8 
8.1 
8.1 


Not. 


2.1 
2.2 
2.0 
2.3 
2.3  1 
2.1  ! 
2.1 
2.0 
1.9 
1.8 
1.8 
1.6 
1.5 
1.5 
1.5 
1.5 
1.6 
1.4 
1.4 
16 
1.8 
2.1 
2.1 
2.0 
5.0 
11.0 
11.5 
8.6 
7.0 
4.0 


COOSA  RIVER  NEAR  RIVERSIDE,  ALABAMA. 

This  station,  established  September  25,  1896,  is  at  the  bridge  of  t 
Southern  Railway  near  Riverside.  It  is  described  in  Water-Sup] 
Paper  No.  36,  page  149.  Records  of  measurements  during  1899  i 
be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  150.  D 
ing  1900  the  following  measurements  were  made  by  Max  Hall  8 
others : 

February  10:  Gage  height,  5.03  feet;  discharge,  13,493  second-feet. 
March  21:  Gage  height,  12.50  feet;  discharge,  43,759  second-feet. 
May  5:  Gage  height,  4.15  feet;  discharge,  11.196  second-feet. 
Angost  21:  Gage  height,  2.32  feet;  discharge,  5,609  second- feet. 
December  28:  Gage  height,  4.25  feet;  discharge,  11,335  second-feet. 


ALABAHA.  165 

"^8  ffOffe  height ,  in  feel,  of  Coosa  River  near  mvemide,  Alabanui,  for  1900, 
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COOSA  RIVER  AT  LOCKS  N08.  4   AND   5,  ALABAMA. 

^lecordH  of  gage  heights  at  these  stations  are  kept  by  the  United 
ites  Eugineer  Corps,  who  have  kindly  furnished  copies  to  the  Geo- 
■chI  Survey.  Records  of  gage  heights  at  Luck  No.  5  during  the 
ir  1900  are  not  available.  The  records  for  Lock  No.  4  are  given  in 
accompanying  table.  Discharge  measurements  are  not  made  at 
er  of  these  stations.  The  stations  are  described  in  Water- Supply 
er  No.  36,  p^e  150. 
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OPEBATIONS   AT  RIVER  STATIONS,  1900. — PART   n.        (»a 


Daily  gage  height,  in 

feety  of  Coosa  River  at  Lock  No.  4, 

Alabama,  for  1900, 

Day. 

Jan. 

Feb. 

liar. 

Apr. 

6.9 

6.1 

5.5 

5.3 

5.3 

5.4 

5.1 

4.9 

4.6 

4.9 

7.4 

13.9 

14.5 

13  0 

10.8 

9.0 

14.6 

20.8 

20.3 

18.0 

16.0 

15.0 

14.4 

13.8 

12.2 

10.2 

9.2 

7.8 

6.8 

6.0 

May. 

5.8 
6.0 
6.2 
5.4 
4.8 
4.7 
4.2 
4.0 
3.7 
3.7 
3.5 
3.4 
3.3 
3.1 
3.0 
2.9 
2.8 
2.8 
2.8 
2.9 
3.1 
3.2 
3.0 
3.4 
3.6 
3.3 
3.5 
3.0 
3.0 
2.8 
2.8 

June. 

July. 

13.6 
11.0 
10.0 
9.4 
8.4 
7.8 
6.1 
6.1 
5.4 
4.7 
4.9 
4.4 
4.8 
3.3 
3.3 
3.7 
3.7 
8.5 
3.1 
2.9 
2.9 
2.7 
2.7 
2.7 
2.8 
2.7 
4.0 
4.2 
5.6 
6.3 
6.8 

Aug. 

Sept. 

Oct. 

Not. 

2.6 
2.4 
2.4 

2.7 
2.7 
2.7 
2.8 
2.9 
2.5 
2.8 
2.0 
1.9 
1.8 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
2.1 
2.8 
4.6 
4.4 
4.0 
8.6 
6.1 
9.0 
10.2 
10.0 
8.7 

D 

1 

8.5 
8.0 
2.7 
2.4 
2.1 
1.9 
1.9 
2.0 
2.0 
1.9 
2.1 
5.8 
7.0 
8.6 
7.6 
7.6 
6.2 
5.1 
4.6 
7.9 
10.5 
11.5 
11.0 
8.9 
7.0 
5.5 
4.5 
4.0 
8.8 
3.3 
3.0 

2.9 

2.7 

2.5 

2.5 

2.9 

3.2 

3.6 

8.9 

4.5 

5.9 

6.7 

7.5 

15.0 

17.6 

17.4 

17.0 

16.5 

16.1 

15.5 

13.7 

10.3 

8.6 

8.3 

8.4 

8.3 

7.5 

6.8 

6.2 

7.9 

8.4 

7.9 

7.4 

6.5 

6.0 

6.0 

7.8 

10.0 

11.2 

11.9 

11.6 

10.8 

8.6 

6.8 

6.8 

7.2 

7.0 

7.1 

11.2 

18.8 

14.7 

14.3 

13.5 

12.0 

11.6 

11.6 

11.8 

U.O 

9.9 

8.0 

3.0 

3.2 

3.2 

2.8 

3.2 

3.8 

4.4 

5.0 

7.0 

9.0 

9.1 

8.0 

6.0 

5.0 

5.0 

5.3 

5.7 

5.5 

7.6 

7.9 

7.3 

6.7 

6.7 

12.1 

14.2 

16.6 

15.5 

17.0 

15.2 

14.5 

.  ^*  •  •  *  • 

6.7 
4.4 

3.6 
3.2 
2.8 
2.6 
2.2 
2.2 
2.1 
2.0 
2.0 
1.9 
2.2 
2.0 
1.9 
1.8 
2.1 
1.9 
2.0 
2.2 
2.4 
2.3 
2.0 
1.8 
1.9 
2.3 
2.4 
2.3 
1.9 
2.0 
1.9 

1.8 
1.9 
2.8 
2.1 
1.9 
1.8 
1.6 
1.6 
1.8 
1.2 
1.2 
1.1 
1.1 
1.2 
4.3 
6.4 
8.6 
8.7 
6.4 
4.4 
8.0 
2.4 
2.1 
1.9 
1.8 
1.7 
1.7 
1.6 
1.5 
1.6 

1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.8 
2.0 
2.4 
3.9 
4.7 
4.2 
4.4 
4.4 
3.7 
8.3 
3.2 
2.7 
.2.1 
1.9 
1.7 
1.6 
2.3 
3.5 
5.0 
8.6 
8.2 
6.2 
4.6 
2.9 
2.6 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

80 

21 

22 

28 

24 

26 

26 

27 

28 

29 

80 

81 

TALLAPOOSA   RIVER  NEAR  SUSANNA,    ALABAMA. 

This  Station  was  establisheil  J  uly  27, 1900,  by  .J .  R.  Hall.  It  is  local 
at  the  mouth  of  Blue  Creek,  which  is  10  feet  above  the  east  land! 
of  MeCartv's  ferrv,  13  miles  southwest  of  Dadeville,  and  3  miles  fn 
Susanna,  the  neart*st  post-office.  The  rod  is  graduated  to  feet  a 
tenths;  it  is  18  feet  long,  and  is  nailed  vertically  to  a  tree  ov 
hanging  the  water  on  the  south  side  of  the  creek  at  the  junction  of  1 
creek  and  the  river.  The  gage  is  referred  to  a  l>ench  mark  on  a  wh 
hickory  tree  about  40  feet  from  the  rod  on  the  south  bank  of  the  cre< 
and  is  376.07  feet  above  tide  water.  Discharge  measurements  i 
made  from  a  boat  held  in  place*  by  a  wire  stretched  across  the  riv 
upon  which  the  distances  from  the  initial  i)oint  are  tagged.  The  » 
tion  is  an  exceptionally  good  one,  depth  and  ciUTcnt  being  alra< 
uniform  the  entire  width  of  the  stream.  The  observer  is  T.  A.  Wal 
a  farmer  who  lives  1  mile  from  the  station.  During  1900  the  folio 
ing  measurements  were  made  by  James  R.  Hall: 

July  27:  Gage  height,  1.80  feet;  discharge,  2,309  second-feet. 
Angnst  9:  Gage  height,  1.55  feet;  discharge,  1,900  second- feet. 
September  28:  Gage  height,  1.50  feet;  discharge,  1,809  second- feet. 
November  24:  Gage  height,  2.40  feet;  discharge,  3,629  second-leet 


ALABAMA.  167 

I^ily  gage  heiffit,  in  feet,  of  Tattapooga  Sirvr  n«ar  Sutanna.  Alabama,  for  1900. 
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TALLAPOOSA   RIVBR  NEAR  STTTRDEVANT,  ALABABIA. 

This  station  was  established  July  10,  1900,  by  J.  R.  Hall.  It  is 
locatHl  at  the  Columbus  and  Western  Kailroad  bridge  a  fourth  of  a 
mile  west  of  Sturdevant.  The  gage  rod  is  20  feet  high,  and  is  gradu- 
ated to  feet  and  tenths.  It  is  in  two  seetions  and  is  fastened  verti- 
cally, the  shorter  seetioii  to  a  post  at  the  edge  of  the  water  on  the 
east  bank  about  20  feet  below  the  bridge,  and  the  longer  section  to 
the  first  stone  pier  from  the  east  bank.  It  is  so  set  that  when  the 
wat«T  rises  above  the  short  section  it  is  on  the  long  section,  and  the 
readings  are  made  as  from  one  continuous  rod.  The  initial  point  of 
sounding  is  the  east  end  of  the  bridge.  The  section  is  broken  by 
three  piers  and  by  some  large  rocks  below  the  bridge.  Tiie  gage  is 
referred  to  a  bench  mark  consisting  of  a  nail  in  the  southwest  <^oruer 
of  pier  No.  2,  east  side  of  river,  455.70  feet  above  tide  water  and  14.20 
feet  above  the  zero  of  the  gage.  The  observer  is  B.  F.  Neighbors, 
farmer  and  postmaster  at  Sturdevant,  who  lives  a  fourth  of  a  mile 
from  the  station.  During  1900  the  following  measurements  were 
made  by  James  R.  Halh 

Jolr  30:  Gage  height,  3.85  feet;  diecharge.  2,003  second-feet. 
Angnat  13;  Ouge  height,  1.05  feet;  discharge,  1,887  aecond-feet. 
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OPERATIONS    AT   RIVER   STATIONS,   1900. PART    H.         In 


TALLAPOOSA   RIVER  NEAR  MILSTEAD,  ALABAMA. 

This  station  was  established  August  7,  1807,  at  the  bridge  of 
^Tallassee  and  Montgomery  Railway,  alx)ut  a  fourth  of  a  mile  f] 
Milstead.  It  is  described  in  Wat^r-Suijply  Paper  No.  36,  page 
The  gage  was  last  verified  December  3,  1900.  Records  of  dischsi 
measurements  for  1899  will  be  found  in  the  Twenty-fii'st  Am 
Report,  Part  IV,  page  151.  During  1900  the  following  measurem< 
were  made  by  Max  Hall : 

February  23:  Gage  height,  9.20  feet:  discharge.  9,956  second-feet. 
March  5:  Gage  heiicht,  6.70  feet;  discharge,  7.088  second-feet. 
December  3:  Gage  height,  2.95  feet;  discharge,  3,0-U  second-feet. 

Daily  gage  height,  in  feet,  of  Tallapoosa  River  near  Milstead,  Alabama,  fur  \ 


Day. 


1 

2 

3 

4 

6 

0 

7 

8 

iS:::::;::::::: 

n 

12 

13 

14 

15 

16 

17 

18 

19 

20 - 

21 

23i 

23 

24 

25   

2tt 

27 

28 

29 

30 

:n 


Jan. 


2.70 
2.60 
2.40 

2.ao 
2.ao 

2.30 
2.20 
2.20 
2.20 
2.20 
2.60 
7.30 
6.00 
4.50 
4.00 
3.40 
3.00 
2.90 
3.70 
9.50 
7.50 
5.90 
4.60 
3.90 
3.50 
3.10 
3.(X) 
2.80 
2.70 
2.«) 
2.50 


Feb. 


2. 
4. 
4. 
4. 
4. 
3. 


2.50 

2.40 

3U 

50 

20 

30 

40 

80 

5.20 

8.90 

19.00 

30.00 

43.25 

42.00 

31.90 

22.80 

13.50 

*  8.90 

7.00 

0.10 

6.50 

9.80 

9.50 

%.m 

8.40 
8.00 
7.(K) 
6.00 


Mai* 


13.20 

13. 10 

10.70 

8.00 

6.80 

6.10 

5.60 

10.90 

13.80 

12.70 

10.00 

7.90 

6.60 

5.90 

5.40 

7.00 

7.20 

5.60 

5.40 

6.00 

11.40 

10.50 

7.60 

15. 50 

15.20 

16.  (K) 

13. 70 

11.20 

8.70 

7.10 

6.2() 


Apr. 


5.50 
5.30 
5.00 
5.30 
4.80 
4.70 
4.60 
4.60 
4.50 
4.60 
5.50 
10.60 
11.50 


May.  '  Juue.    July. 


9.00 
6.60 
30 
70 


5. 

4. 


13.90 

17.  or; 

15. 00 
16. «) 

i3.:)o 

10. 30 
13. 2«» 


12. 50 

9.40 

7.50 

6.40 

6.20 

6.10 

6.30 
5.90 
5.40 
4.90 
4.70 
3.90 
3.80 
3.70 
3.60 
3.50 
3.30 
3.20 
3.10 
3.00 
2.90 
2.90 
2.80 
2.80 
2.80 
2.90 
2.80 
3.00 
3. 10 
3.40 
3.50 
5.(X) 
4.50 
3.20 
2.70 
3.00 
2.50 


2.60 
2.70 
3.00 
3.50 
3.30 
3.50 
3.30 
5.90 
9.70 
6.90 
5.60 
4.60 
5.30 
4.00 
3.80 
3.50 


4. 

5. 
5. 
5. 
5. 


60 
90 

00 
90 
90 


5.50 
5.40 
20.00 
:r).04 
20.  (JO 
16.  (JO 
18.00 
13.80 
9.  (.H) 


9.00 
9.10 

10.  (K) 
7.10 
8.00 
5.20 
4.40 
4.00 
3.50 
7.60 
5.50 
4.10 
4.70 
6.70 
6.00 
5.10 
3.80 
3.80 
3.<S0 
3. 10 
3.00 
2.80 
2.70 
2.00 
2. 50 
2. 50 
2.80 
2.90 
3.20 
8.10 

10.60 


^.ug. 

1  Sept. 

Oct. 

,  Nov. 

6.50 

2.7o' 

1.80 

2.50 

4.50 

8.00 

1.00 

3.30 

3.50 

8.10 

1.50 

6.10 

2.80 

4.40 

1.80 

6.50 

2.70 

3.00 

8.30 

7.10 

2.50 

2.40 

6.40 

5.50 

2.30 

2.20 

3.40 

4.10 

2.20 

2.00 

3.20 

8.50 

2.10 

1.80 

2.60 

8.00 

2.00 

1.70 

2.60 

2.90 

1.90 

1.70 

8.00 

2.70 

1.90 

1.60 

2.80 

2.00 

1.80 

1.60 

3.40 

2.60 

1.90 

1.50 

3.80 

2.50 

2.20 

14.00 

8.80 

2.50 

2.70 

25.60 

2.70 

2.50 

3.10 

18.00 

2.70 

2.50 

2.50 

11.00 

2.20 

2.50 

4.00 

5.30 

2.10 

2.50 

4.20 

3.60 

2.00 

2.50 

2. 50 

3.00 

1.90 

2.50 

2.20 

2.50 

2.0(» 

4.rt> 

2.00 

2.30 

4.80 

4.00 

2.30 

2.  CO 

12.10 

8.90 

3.J10 

2.00 

10.50 

3.60 

3.40 

2.00 

9.00 

10.50 

3.60 

2.00 

6.00 

8.80 

2.70 

2.00 

4.20 

6.70 

2.60 

2.00 

2.20 

4.5(» 

2.10 

1.90 

2.90 

3.70 

3.2«J 

2.70 

ALABAMA  RIVEK  AT  MONTGOMERY,  ALABAMA. 

This  st.atioii  was  established  by  the  United  Statues  Engineer  Corj 
number  of  years  ago,  at  the  Montgomery  wharf,  near  the  union  p 
senger  station  at  the  foot  of  Commerce  street.  The  rejidings  are  n 
taken  by  the  Weather  Bureau,  and  copies  are  furnished  to  the  G 
logical  Survey.  The  station  is  described  in  Water-Supply  Paper  1 
36,  page  153.  No  measurements  were  made  in  1899  or  previous  yea 
During  1900  one  measurement  was  made  by  Max  Hall,  as  follows: 

March  6:  Gage  height,  11.40  feet;  discharge,  29,470  second-feet 


ALABAMA. 

ley 

ge  height. 

in  feet  J  of  Alabama  River  at 

Montgomery,  Alabama,  for 

IfHMt. 

1 

Jan. 

4.9 

Feb. 
6.0 

Mar. 

Apr. 

May. 

10.2 

June. 
3.5 

July. 

Aug. 

Sept. 
3.0 

Oct. 
1.7 

Nov. 
3  7 

Dec 

12.4 

14.0 

29.0 

10.6 

10.6 

4.8 

5.8 

17.6 

10.8 

9.6 

3.5 

24.8 

9.9 

3.5 

1.6 

3.7 

9.2 

a9 

5.8 

19.0 

9.2 

9.2 

3.9 

22.5 

6.6 

5.7 

1.4 

4.2 

7.0 

3.5  , 

5.0 

19.4 

8.H 

9.2 

4.5 

20.2 

5.3 

5.0 

1.4 

12.6 

<&.2 

3.2  1 

6.0 

14.6 

K.l 

8.3        4.4 

17.2 

4.5 

4.4 

1.5 

10.6 

6.8 

2.9 

6.1 

11.8 

7.8 

7.2        4.4 

14.8 

3.9 

2.9 

3.0 

8.2 

5.6 

2.5 

6.1 

10.1 

7.3 

6.6        4  4 

12.2 

3.3 

2.5 

4.1 

5.7 

6.7 

2.2 

6.1 

10.1 

7.3 

6.2        5.0 

9.8 

3.2 

2.0 

3.9 

4.9 

7.6 

2.2 

6.1 

15.3 

7.3 

5.6       10.0 

7.4 

3.0 

1.8 

5.1 

4.5 

7.8 

2.2 

8.0 

18.6 

7.3 

5.6       11.0 

6.4 

2.6 

1.6 

3.7 

4.0 

7.0 

2.8  ' 

14.2 

19. « 

7.3 

5.3       12.0 

8.4 

2.6 

1.6 

3.4- 

3.5 

6.0 

8.0 

21.2 

19.5 

13.5 

5.0       12.0 

7.6 

2  5 

1.4 

4.0 

3.2 

5.1 

10.6 

31.2 

18.4 

20.5 

5.0       10.5 

7.6 

2.4 

1.0 

8.5 

3.0 

4.5 

10.6 

43.8 

16.5 

23.5 

4.8 

9.5 

8.0 

2.2 

1.2 

8.0 

3.0 

6.0 

11.0 

48.4 

13.7 

24.0 

4.6        7.0 

9.9 

2.2 

7.0 

6.0 

2.7 

9.0 

11  0 

47.8 

11.7 

18.8 

4.4        6.2 

10.0 

2.5 

16.0 

5.2 

2.7 

8.2 

SI.  6 

44.5 

11.9 

16  8 

4.0        6.9 

6.4 

2  5 

17.2 

4.1 

2.5 

7.1 

8.0 

41.2 

11.3 

2:3.5 

4.0  .      8.1 

5.2 

2.7 

16.7 

3.7 

2.5 

6.2 

8.0 

37.5 

10.6 

29.0 

4.0 

8.1 

5.0 

3.1 

15.8 

3.4 

2.3 

5.0 

10.0 

33.5 

13.3 

3i.5 

4.0 

9.0 

4.8 

3.1 

10.2 

2.6 

2.2 

4.8 

12.4 

35.5 

19.3 

,  1S!5 

4.0        9.7 

4.5 

3.0 

8.0 

2.0 

1.7 

10.0 

14.6 

28.0 

22.5 

3.8       10.2 

4.0 

2.6 

4.7 

1.9 

6.0 

12.8 

16.0 

23.6 

23.5 

1    3:1,5 

3.8  i    10.2 

4.0 

2.7 

3.5 

5.5 

7.0 

14.0 

:    15.4 

21.0 

25.1 

31.2 

4.6 

14.2 

3.8 

3.0 

3.0 

8.0 

6.6 

14.5 

'    12.9 

18.6 

26.8 

29.3 

4.9 

22.0 

3.6 

8.0 

2.6 

9.4 

6.6 

14.0 

11.6 

14.2 

28.1 

36. 5 

5.2 

27.4 

3.6 

3  0 

2.4 

8.2 

9.9 

13.4 

7.4 

12.8 

27.8 

22.2 

5.0  .    29.5 

3.6 

3.0 

2.3 

9.8 

13.0 

10.6 

7.0 

11.6 

25.6 

17.8 

;      4.7 

30.8 

5.2 

3.3 

2.0 

10.6 

13.4 

9.8 

6.8 

23.2 

14.6 

1      4.5 

Si.  8 

7.0 

3.3 

2.0 

8.6 

13.4 

8.8 

6.4 

20.5 

11.2 

4.3 

31.8 

9.2 

3.0 

1.7 

5.5 

11.5 

9.0 



6.3 

17.5 

.•••••  . 

3.8 

1 

11.6 

2.9 

1 

4.3 

10.0 

ALABAMA   RIVKi;   AT  SELMA,    ALABAMA. 


;  station  was  originally  established  by  the  United  States  Engi- 
^'orps;  readings  are  now  taken  by  the  UniU»d  States  Weather 
u.  The  gage,  whi(»h  is  attached  to  the  iron  highway  bridge,  the 
f  which  is  about  GO  feet  alx)ve  low  water,  is  in  two  sections. 
•wer  section,  which  r<»ads  from  —3.0  feet  to  +2.30  feet,  is  secured 
pile  on  the  lower  si<ie  of  the  eofferdani  on  the  draw  pier;  the 
section,  which  rejwls  from  2.30  feet  to  4K  f(»et,  is  spiked  to  the 
ay  bridge.  The  IxMich  mark,  which  is  an  iron  bolt  driven  into 
ice  of  a  rock  bluff  182.3  feet  from  the  first  bridge*  pier,  on  the 
iscending  to  the  city,  is  2r>  feet  above  the  zero  of  the  gage  and 
feet  above  mean  sea  level.  The  top  of  the  cojiing  stone  of  the 
pier  at  the  highway  bridge  to  which  gage  is  attached  is  56  feet 
5  the  zero  of  the  gage  and  117.30  feet  above  mean  sea  level, 
nations  extend  from  —3.0  feet  to  +4H  feet.  During  1900  the  fol- 
ig  measurements  were  made : 

April  14:  Gage  height,  33.00  feet;  discharge,  66,007  second-feet. 
May  26:  Oa^e  heierht,  6.10  feet:  discharge.  17.049  second-feet. 
Angnst  24:  Gage  height,  3.10  feet;  discharge.  9,87U  second-feet 
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OPERATIONS    AT    RIVER   STATIOJ^^S,  1900. PART   II.        [wo. 


Daily  gage  height,  in  feet,  of  Alabanui  River  at  Selma,  Alabama,  for  1900, 


Day. 

Jan. 

7.2 

6.6 

4.3 

8.8 

8.0 

3.0 

8.0 

3.0 

2.7 

.     2.7 

8.3 

7.7 

12.4 

18.5 

14.7 

14.0 

18.2 

12.0 

11.1 

11.1 

13  4 

16.9 

18.5 

18.3 

17.0 

14.7 

13.0 

11.2 

8.4 

6.5 

4.8 

Feb. 

4.8 

3.6 

8.5 

3.9 

4.7 

6.2 

8.2 

8.4 

8.5 

10.7 

16.0 

22.2 

20.9 

38.6 

44.0 

47.0 

48.0 

47.9 

47.0 

44.1 

41.6 

86.9 

83.2 

22.6 

22.6 

21.1 

19.0 

16.9 

Mar. 

17.2 
19.7 

:b.2 

22.0 
20.6 
17.8 
15.0 
13.9 
14.9 
18.8 
20.9 
22.2 
22.0 
19.9 
19.0 
16.9 
15.3 
13.9 
14.3 
14.6 
18.8 
23.0 
25.5 
29.0 
30.2 
32.7 
33.3 

a.  a 

30.5 
27.7 
24.4 

Apr. 

19.8 

16.8 

14.0 

12.0 

10.9 

8.0 

7.8 

8.9 

9.6 

9.5 

9.8 

12.0 

17.7 

23.4 

25.5 

25.0 

22.5 

23.5 

29.0 

:u.8 

30.0 
39.8 
41.0 
40.0 
38.5 
:i5.8 
32.7 
28.5 
23.0 
18.0 

May. 

15.4 
18.9 
13.0 
12.0 
11.8 
10.2 
9.6 
8.H 
8.0 
7.8 
7.5 
7.3 
7.0 
6.6 
6.4 
6.0 
5.7 
5.5 
5.2 
5.1 
5.0 
5.0 
4.8 
5.5 
6.1 
6.2 
6.6 
6.8 
6.0 
5.5 
5.0 

Jane. 

4.8 
4.6 
4.4 

4.2 

5.6 

5.0 

4.6 

4.2 

6.8 

11.6 

13.5 

14.0 

13.9 

12.8 

11.0 

9.0 

8.9 

8.8 

8.6 

10.0 

10.9 

12.0 

12.9 

14.0 

17.6 

24.5 

29.0 

32.0 

:«.  5 

35.0 

July. 

Aug. 

14.0 
RO 
U.O 
9.0 
7.0 
6.0 
5.5 
5.0 
4.8 
4.5 
3.2 
3.0 
2.8 
2.5 
2.5 
2.4 
2.8 
2.7 
2.7 
2.5 
2.3 
2.6 
3.6 
8.8 
4.0 
8.5 
3.5 
3.4 
3.5 
4.0 
4.2 

Sept. 

Oct. 

Nov. 

Dm 

1 

84.8 

38.0 

29.8 

26.5 

23.5 

20.2 

17.0 

14.0 

11.5 

10.0 

9.8 

10.2 

10.0 

9.9 

9.9 

10.0 

9.9 

9.0 

7.0 

7^ 

6.5 
6.8 
6.0 
5.8 
5.0 
4.5 
4.4 
7.5 
8.0 
11.8 

8.9 
8.9 
8.8 
4.5 
5.4 
5.0 
4.5 
4.1 

It 

1.0 

.7 

.6 

1.0 

1.6 

U.O 

18.0 

19.0 

19.4 

16.0 

12.5 

10.0 

6.0 

3.0 

1.9 

1.6 

1.0 

1.0 

.9 

.8 

0.8 

.7 

.6 

.6 

.5 

1.0 

1.8 

2.6 

4.0 

4.2 

2.0 

2.0 

2.5 

4.8 

6.7 

6.0 

6.2 

2.6 

1.0 

1.0 

.9 

1.0 

1.6 

6.0 

11.6 

12.0 

U.5 

12.8 

lao 

11.0 
6.0 

2.0     ML 

2 

2.0     14 

8 

4.0  1   U 

4 

9.0      t 

5 

6 

14.0 
13.5 
9.4 
6.8 
4.0 
2.0 
2.0 
1.9 

7 

8 

9 

10 

11 

12 

18 

1.6  ,     1 

14 

15 ... 

16 

17 

18   

1.6'     1 
1.0      1 
1.0     IL 
1.0  1    IL 
1.0      M 

19 

1.0      1 

20 

1.0       1 

81 

22 

28     

1.0       t 

1.6      U 
6.0      17. 

24 

26 

26 

27 

28 

9.0      IT. 

9.8  17. 

9.9  U 

13.0,  i; 

16.0      14 

29 ... 

16.8      IS 

80 

31 

17.0 

11 

u 

BLACK   WARRIOR  RIVER   AT  TUSCALOOSA,  ALABAMA. 

A  continuous  record  of  the  f?a^e  heights  at  Tuscaloosa  has  bee 
kept  by  the  United  States  Engineer  Corps  since  1880.  During  181 
an<l  189r»  a  nuinlM»r  of  discharges  nieasurenients  were  made,  from  whic 
a  rating  tal)le  was  estal)lished.  Since  that  tiin<'  ineasureinentHS  of  flo 
and  computations  of  the  discharge  have  been  made  regularly  by  tl 
UnitiKl  States  (Tcological  Survey.  Th(*  station  is  described  in  Wato: 
Supply  T^aper  No.  3r>,  page  150.  The  n^cords  are  furnished  by  R.  ( 
McCalla,  jr.,  rnit^Ml  Stat^^s  assist^int  engineer.  Records  of  measun 
ments  during  18IM)  will  be  found  in  the  Twenty-first  Annual  Repof 
Part  IV,  page  153.  No  measurements  were  made  during  the  yea 
1900. 


WaSygage  height,  in  feet. 

ALABAMA. 

of  Black  Warrior  River  at  TSa 

acaloc 
Aug. 

9.85 
8.00 
6.50 
6.15 
4.40 
3.80 
3.36 
3.00 
2.50 
2.30 
2.10 
2.00 
1.75 
1.50 
1.40 
1.50 
1.48 
1.40 
3.00 
4.40 
3.75 
3.00 
2.50 
2.55 
2.10 
4.48 
4.30 
3.25 
2.40 
2.10 
2.50 

isa,  Alabanu 

Sept.    Oct. 



5.50  ,    0.76 
5.00  ;      .80 
4.07         .60 
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:i,for  1900, 

Day- 

1 
Jan.     Feb.     Mar. 

10.90  1    6.92     18.14 
9.48      6.40     25.44 
8.32       S.QO     26.00 

Apr. 

May. 

1 
June.  July. 

1 

Not. 

4.20 

5. 10 

6.40 

5.56 

6.06 

4.46 

3.90 

3.50 

3.10 

2.90 

2.70 

2.50 

2.40 

2.25 

2.20 

2.10 

2.06 

2.00 

1.95 

3.90 

8.40 

10.25 

12.50 

11.00 

9.45 

15. 90 

22.20 

21.00 

17.35 

14.00 

Dec. 

1 

21.55 
18.60 
15.80 
13.60 
12.27 
12.17 
11.44 
10.20 
0.07 
10.58 
26.35 
52.70 
53.40 
48.60 
42.30 
37.10 
63.00 
64.05 
62.17 
50.35 
56. 10 
51.71 
46.20 
41.88 
37.04 
33.04 
30.80 
28.15 
25.73 
23.60 

21.23 
18.05 
16.33 
13.82 
11.60 
0.60 
8.20 
7.28 
6.80 
6.50 
6.12 
5.00 
5.48 
4.96 
4.50 
8.85 
3.65 
3.50 
3.52 
3.30 
3.65 
3.50 
3.35 
4.40 

4.24 

5.30 
13.96 
15.16 

20.98 

41.  (iO 
33.88 
32.27 
32.13 
30.96 

12.50 
9.65 
8.60 

7.10 
6.18 

5.17 
6.40 

23.30 

20.29 

17.48 

15.34 

27.58 

30.00 

36.08 

31.63 

27.34 

23.78 

20.43 

17.40 

16.63 

21.18 

20.28 

18.80 

4.5. 10. 

51.00 

47.08 

42.40 

38.24 

35.41 

36.78 

36.33 

31.80 

28.85 

26.35 

24.20 

4.30 
3.58 
2.80 
2.30 
1.90 
1.50 
1.40 

.26 

.40 

.40 

.80 

1.8r) 

3.90 

6.05 

7.90 
8.20 

5.63      9.58 

21.50  '  27.3i 
20.92  1  23.70 
21.75     20.80 
38.25     18.46 
81.70     15.9ft 

10.20 

5.12 

4.84 
4.60 
4.50 

11.50 
10.53 
12.23 

10.65 



9.65 

8.75 
8.15 

7.12    23.00 
31.63  1  2[J.64 

24.73 
19.60 
15.96 
15.60 
19.23 
29.15 
28.89 
JK).33 
34.51 
30.10 

12.96 

11.06 

U*.60 

12.90 

10.35 

8.50 

7.00 

6.00 

6.60 

6.35 

1. 10      6. 10 
.90  1  14  30 
.80  1  22.50 

1.40  '  21.85 

5. 45  16. 40 
10.65     11.60 

8.95  1    8.20 

6.34  6.13 
4.44      5.10 

3.35  ,    4.30 
2.60  '    3.60 
2.20  1    3.15 
1. 87       4. 60 
1.65       7.30 
1.60     10.40 

1. 46  8. 55 

7.50 

6.90 

31.80 
28.18 
24.00 
20.12 
16.50 
14.28 
15.80 
25.00 
82. «) 
20.44 
21.54 
20.43 
17.12 
14.12 
12.14 
10.47 
9.10 
8.27 
7.60 

41.37 
47.06 
45.73 
40.23 
34.74 
20.75 
25.88 
22.43 
19.90 
23.58 
28.50 
24.20 
!K.38 
21.00 
18.63 
16.52 

6.46 

6.40 

6.65 

6.45 

6.10 



5.75 
5.30 
6.45 



27.80      8.60 
25.38      8.00 
24.55      8.10 
50.00      8.70 

6.30 
a  35 

11.90 
17.00 

7.55     58.35  |    7.40 
7.68     56.35  :    6.80 

18.70 

17.00 

6.70 
5.3(» 
4.25 
3.60 
3.62 

52.90 
49.06 
48.26 
46.36 

9.20 
16.30 
13.50 
11.83 
11.05 

1.30 

1.05 

.90 

.75 

6.76 
5.40 
4.70 
4.10 
3.70 

14.60 
12.50 
10.96 
10.16 
14.20 

BLlACK  warrior   river   NEAR   CORDOVA,  ALABAMA. 


This  station  is  located  at  the  Kansas  City,  Mempliis  and  Birming- 
am  Railroad  bridge  three-fourths  of  a  mile  from  Cordova,  Alabama, 
lie  gage  was  established  by  the  United  States  Weather  Bureau,  but 
words  were  discontinued  by  that  bureau  some  time  ago.  From  12 
0  55  feet  the  gage  is  a  vertical  timber  bolted  to  the  inside  of  the 
ddge  pier  on  the  left  bank  of  the  river.  Below  12  feet  the  gage  was 
lopiDg,  but  it  was  out  of  position  and  could  not  be  used  when  the 
itation  was  established  by  the  Geological  Survey  on  May  21,  1900,  so 
k  short  new  section  was  put  in  at  that  time.  This  section  is  a  2-inch 
)y  10-inch  plank,  graduated  to  feet  and  tenths,  marked  with  nails 
Tom  —1.5  feet  to  +12.5  feet,  and  spiked  to  a  willow  tree  on  the  right 
>ank  of  the  river  about  200  feet  below  the  bridge.  The  bench  mark 
8  the  top  of  the  stone  pier  on  the  left  bank,  and  is  54.05  feet  above 
he  zero  of  the  gage.  Measurements  are  made  from  the  railroad 
^ridj^e,  which  is  a  single-span,  iron,  through  ])ridge  3(X)  feet  long. 
Hie  section  is  a  good  one.  The  observer  is  A.  B.  Logan,  who  lives  on 
l-he  right  bank  of  the  river,  only  a  few  hundred  feet  from  the  end  of 
the  bridge.  During  1900  one  measurement  was  made  by  Max  Hall, 
*8  follows : 

Kay  21:  Gage  height,  0.10  foot;  discharge,  747  second-feet. 
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Daily  gage  heights  in  feet^  of  Black  Warrior  River  near  CordatHj,  Alabama, 

1900. 


Day. 

May. 

June. 

0.6 

2.8 

5  3 

7.1 

7.6 

7.6 

6.5 

7.8 

6.5 

4.5 

3.2 

3.0 

4.6 

8.6 

9.8 

8.0 

8.2 

7.2 

13.4 

10.0 

6.1 

6.5 

15.2 

32.9 

31.8 

31.3 

22.1 

23.9 

22.4 

16.5 

July. 

8.1 
6.2 
7.1 
6.5 
5.3 
4.6 
3.5 
2.1 
2.5 
2.7 
1.0 
.8 
1.0 

:l 

.4 
.4 

.3 
.3 

:? 
'■% 

.5 
.9 
.5 
1,6 
2.4 
1.3 
1.2 
1.5 

Aug. 

Sept 

0.5 
.2 
.1 
.0 

-  1 

-  .2 

-  .8 

-  .4 

-  .5 

-  .5 

-  .6 

-  .6 

-  .7 

-  .6 
1.5 

.9 
.6 
.1 
.0 

-  .1 

-  .2  1 

-  .3 

-i\ 
-i 

-  .6 

-  .6 

-  .7 

-  .7 

Oct. 

-0.8 

-  .8 

-  .9 

-  .9 
-1.0 
-1.0 
-1.1 
+  .2 

.9 
.9 
.1 
9.4 
9.2 
3.2 
2.3 
1.7 
•1.0 

i 

.2 
.1 
.0 
1.0 
.7 
.5 
.3 
.2 
.1 
.0 

-  .1 

-  .1 

Nov.  '    E 

1 

0.9 
.6 
.4 
.2 
.1 
.0 
.1 
.2 
.3 
.3 
.4 
.6 
.5 
.5 
.6 

.:? 

.0 
.2 
.3 

.4 
.8 

1.7 
.8 
.2 
.  i 
.1 
.9 

1.0 

—0,1 

2 

+  .5 

8 

,8  ' 

4 

.4 

5 

.3 

6 

.3 

7 

.2 

8 

.2 

9 

.1 

10 

,0 

11 

-  .1  1 

12 

18 

-  .2 

—  ,2 

14 

—  .3 

16 

—  .3  , 

16 

-  .3' 

17 

—  .4 

18 

+  .8 

19 

.2 

20 

.1 

21 

":} 

.1 

1.5 

1.5 

1.0 

.6 

.7 

.8 

.9 

.9 

.3 

22 

1.1 

28 

.8 

24 

.8 

25 

.9 

26 

5.1 

27 

4.9 

28 

3.6 

29 

2,8 

30 

1.9  1 

81 

1 

HILLABER   CREEK   NEAR  ALEXANDER  CITY,    ALABAMA. 

rhis  station,  which  was  eatablisherl  Auj?ust  29,  1900,  by  J.  R.  H 
is  located  6^^  miles  northeast  of  Alexander  Citj',  on  the  road  lead 
from  that  town  to  Newsite.     The  ^age,  which  is  graduated  to  feet  £ 
tenths  and  is  placed  vertically,  is  in  two  sec'tioris,  the  short  secti 
which  rejuls  from  0  to  5.50  feet,  beinj^:  fH,st<^ne<l  to  a  post  in  the  e< 
of  the  wat^>r  on  the  north  bank  20  feet  from  the  upstream  side  of 
bridge,  the  long  s(»ction,  which  reads  fnmi  5.50  f(H»t  to  10  feet,  be 
fastened  to  the  iipstn^ain  end  of  the  first  pi(»r  on  the  north  bank,  t 
arranged  so  that  when  water  rises  above  the  short  sc^ction  the  readii 
are  made  from  the  long  one,  both  sections  being  easily  reml  from 
north  approach  to  the  bridge.     The  initial  point  of  sounding  is  on 
south  side  of  the  first  pier  on  the  north  bank.     The  gage  is  refer 
to  a  l>ench  mark  at  the  top  of  a  chord  on  the  downstream  side  of 
bridge  at  the  second  pi(^r  from  the  north  bank,  and  is  27. fJ  feet  ab 
the  zero  of  the  gage.     The  bridge  is  in  three  spans  having  a  tc 
length  of  270  feet,  with  a  north  approa(*.h  of  110  feet  and  a  soi 
approach  of  124    feet,  making  a  total,  over  all,  of  510   feet.     1 
observer  is  J.  H.  Chisholm,  a  farmer,  post-oflfice  address  Alexan 
City,  Alabama.     During  1900  the  following  measurements  were  mj 
by  James  R.  Hall: 

Aagiist  20:  Gage  height,  1.40  feet;  discharge,  184  second-feet. 
November  28:  Gage  height,  2  feet;  discharge,  390  second-feet. 


ALABAMA. 
Ip  gage  height,  in  feet,  of  BiOabee  Creek  ni 


178 

dtp,  Alabama,  for 


Dmr. 

aub. 

BeptlocL 

Hot. 

Iteo. 

D«y. 

.... 

aept 

Oct 

Not, 

Dec. 

.»      KH 

;i!;i 

.1 

3.S 

1 

1. 

: 

1 
1 

1 

.3 

1 

' 

1 

I:i 

Bl 

TALLADEGA   CREEK   AT  NOTTINOHAH,  ALABAMA. 

rhis  station  is  located  on  the  Southern  Railroad  bridgo  a  fourth  of 
nile  from  the  depot  at  Nottingham,  Alabama,  and  1  mile  north  of 
pine,  Alabama.  Tliegage,  which  is  gradnat^od  to  feet  and  tenth.>9and 
20  feet  long,  is  fastened  vertically  to  the  north  end  of  the  bridge  on 
i  upstream  side,  the  bottom  end  of  the  gage  being  nailed  to  an  old 
idsill  projecting  from  the  north  bank.  The  initial  point  of  sound- 
;  is  at  the  gage.  The  bench  mark  is  the  top  rail  on  the  upstream 
le  of  the  bridge,  and  is  34.13  feet  aliove  gage  datum.  The  section 
1  good  one  and  is  free  from  piers.  The  observer  is  R.  M.  McClatchy, 
ition  agent  at  Nottingham.  During  1900  the  following  measure- 
)iit«  were  made  by  James  R.  Hall: 

Angnat  16:  Oage  beight,  1.10  feet:  diecbarge,  103  second-feet 
Norember  SB:  Chtge  height,  1.70  feet;  diBcbaq:e,  240  secoDd-leet. 

iflj  gage  height,  in  feet,  of  Talladega  Creek  at  Nottingham,  Alabama,  for  1900. 
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bridge  is  aeven-eighths  of  a  mile  long.    The  section  is  good,  thoagb 
the  water  is  very  deep  and  rather  swift. 

Daily  gage  height,  in  feet,  of  Tombigbee  IHver  near  Epea,  Alabama,  for  I900. 
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yoUGHlOGHEmr  RIVEK  at  PBIENUSVILLE,  MARYLAND. 


This  station,  which  was  ostablished  by  E.  G.  Paul  on  Aiifrnst  17,  ISflB, 
is  located  at  the  Iron  highway  bridge  oomiecting  the  etist  and  west- 
portions  of  the  village.  It  is  descrilM'd  in  ^Vatl■^-Snpply  Pai>er  No. 
'W<,  page  I.^n.  Reeonls  of  raeasnrements  for  lSi»!t  will  be  found  in  llie 
Twenty-first  Annual  lieport.,  Pai-t  IV,  page  15(1.  During  11100  the 
following  inetusurements  were  made  by  K.  G.  Panl  iind  C.  R.  Olliei^: 

Febroary  15:  Oage  height,  0.3  feet;  disch&rge,  1,816  eecoud-feet. 
June  36:  Gage  height.  4.0  feet;  discharge.  301  fiecoti<l-feet. 
September  13:  Uoge  height,  S.S  feet:  discbarge,  4^  second-feet. 


mSSISHlFPI   AND   ALABAMA. 
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under  the  floor  timbers  is  39.85  feet  above  Mie  zero.  Bench  mark  No. 
2  18  the  top  of  the  rail  at  the  depot  of  the  Southern  Railway,  and  is 
55.2  feet  above  g^e  datamand  190.9  feet  above  mean  sea  level.  The 
width  of  the  river  at  low  water  is  160  feet.  The  maximnm  recorded 
height  of  the  river  was  on  April  8,  1892,  when  the  gage  registered  42 
feet.  The  lowest  recorded  height  was  on  October  26,  1893,  when  the 
gage  reading  was  —3.9  feet.  The  danger  line  i»  at  33  feet.  No  meas- 
urements of  dischai^  were  made  during  1900. 


Daily  gage  height,  in  feet,  of  TotiM^iee  River  at  Columbtu.  Miaaimippi.  for  1900. 
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TOHBIQBEE   KIVEK  NEAR  EPE8,  ALABAMA. 


A  record  of  gage  heights  has  been  kept  at  this  station  for  the  last 
ton  years  by  the  Alabama  Great  Southern  Railway  Company.  The 
gage  is  painted  on  the  center  brick  pier  of  the  railway  bridge  of  that 
company  across  the  Tombigbee  a  half  mile  east  of  Epes,  and  is 
referred  to  two  bench  marks,  the  lirst,  the  top  of  the  iron  girder  at 
the  third  crossbeam  at  the  station,  80  feet  from  the  right- bank  end  of 
the  iron  bridge,  is  64.70  feet  above  datura  of  gage,  the  second,  the  top 
of  the  cross-tie  or  the  base  of  the  rail  at  the  station,  80  feet  from  the 
right-bank  end  of  the  iron  bridge,  is  65.50  feet  above  datum  of  gage. 
The  west  bank  of  the  river  is  a  solid  wall  of  limestone,  the  east  bank 
is  flat  and  is  subject  to  overflow.     The  trestle  at  the  east  end  of  the 
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bridge  is  seven-eighths  of  a  mile  long.     The  section  is  good,  thong 
the  water  is  very  deep  and  rather  swift. 

DaUy  gage  height,  in  feet,  of  Tombigbee  River  near  EpeSj  Alabama,  for  1900. 
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YOUGHIOGHENY   RIVER  AT  PRIENDSVILLE,  MARYLAND. 

This  station,  which  wms  established  by  E.  (t.  Paul  on  Ausi:iist  17, 18( 
is  located  at  the  iron  highway  brid^jc*  connecting  the  east  and  wi 
portions  of  the  village.  Tt  is  described  in  Wat(»r-Supply  Paper  N 
80,  page  159.  R(»cords  of  measurements  for  \H\)U  will  be  found  in  t 
Twenty-first  Annual  Report,  Part  IV,  page  lofj.  During  1000  t 
following  measurements  were  made  by  E.  (t.  Paul  and  C.  R.  Olliei 

February  15:  Gage  height,  6.2  feet;  discharge,  l,St6  second-feet. 
Jnne  26:  Gage  height,  4.6  feet;  discharge.  361  aecond-feet. 
September  13:  Gage  height,  3.S  feet:  discharge,  48  second-feet. 


MARYLAND   AND   WEST   VIBGINIA.  l77 

Dails  gaije  height,  in  feel,  vf  ymighiiigheny  River  at  Friend»ville,  Maryland,  for 
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CHKAT  RIVER  NEAR   UNEVA,  WEST  VIRGINT-. 

This  station  was  enlnblished  .hily  S,  181)0.  Ah  tfaeru  i,s  no  bridge  at 
IW  place  convenient  for  niakin|;  ini'Hsnrvmenbt,  a  cable  of  GOO  feet 
"t^ii  was  stretcIiL'd  across  the  stream  li  niilf  s  northwest  uf  Morgaa- 
luitn,  near  Vneva,  West  Vii^inia.  Tim  station  is  deseribeil  in  Wafer- 
Supply  Paper  No.  3C,  page  ICO.  DurinfT  19tM)  one  nii-aHim<nient  was 
madf  by  E.  G.  Paul,  as  follows: 

June  35:  Gage  height,  2.W  Teet:  discharge,  1,10:1  seconil-reet. 


bailg  gage  height,  in  feet,  of  Clitat  River  ti 
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NEW   RIVER  AT  RADFORD,  VIRGINIA. 

This  station,  which  was  established  by  D.  C.  Humphreys  on  Augr^ 

1,  1898,  the  gage  having  been  erected  by  the  United  States  Weather 

Bureau,  is  described  in  Wat^r-Supply  Paper  No.  36,  page  161.    On 

account  of  the  inaccuracies  of  the  Weather  Bureau  gage,  a  wire  gage 

was  put  in  February  23,  1900,  the  zero  being  on  the  same  level  as 

that  of  the  old  gage.     The  observer  is  T.  M.   Brady.     Records  of 

measurements  for  1899  will  be  found  in  Water-Supply  Paper  No.  36, 

page  162.     During  19(X)  the  following  measurements  were  made  \q 

D.  C.  Humphreys: 

February  23:  Qage  height,  2.55  feet;  discharge,  11,681  second- feet. 
February  24:  Gage  height,  2.10  feet;  discharge,  8,500  second-feet. 
March  30:  Gage  height,  1.78  feet:  dincharge,  7.709  second  feet. 
June  27:  Gage  height,  1.62  feet;  discharge,  6,749  second-feet. 
July  28:  Gage  height,  1.25  feet;  discharge,  5,256  secont'-feet. 
August  22:  Gage  height,  0.00;  discharge,  1.365  second-feet. 
December  20:  Gage  height,  0.70  foot;  discharge,  2,975  second-feet. 

Daily  gage  height^  in  feet,  of  Xew  Ri^^r  of  L'uiffonl,  Virginia,  for  1900, 
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GREENBRIER  RIVER  AT  ALDERSON,  WEST   VIRGINIA. 

This  Station,  which  was  established  by  0.  C.  Babb  and  I).  C.  Huin- 

phreys  on  August  1,  1895,  is  described  in  Water-Supply  Pai>er  No.  36, 

page  163.     Records  of  measurements  during  1899  will  bo  found  in  tb< 

Twenty-first  Annual  Report,  Part  IV,  page  159.     During  1900  the  fol 

lowing  measurements  were  made  by  D.  C.  Humphreys: 

March  81:  Ghige  height,  4.07  feet;  discharge,  5,128  second-feet. 
Jtme  20:  Gtage  height,  1.99  feet;  discharge,  564  second-feet. 
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July  24:  Oage  height.  1.97  feet;  discharge,  493  second-feet. 
August  20:  G^age  height,  1.3S  feet;  discharge,  148  second-feet. 
December  21:  Gage  height,  2.24  feet;  discharge,  834  second-feet. 

LttQif  ffoge  height,  in  feet,  of  Oreenbrier  River  at  Alderson^  West  Virginia,  for  1900. 


Day. 

Jan. 
1.90 

Feb. 
2.15 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 
1.40 

Nov. 

Dec. 

1 1 

3.98 

3.90 

2.30 

2.25 

2.76 

2.45 

1.45 

8.00 

I 

l.«8 

1.85 

6.81 

3.48 

2.25 

2. 15 

a.(N) 

2.15 

1.5.} 

J.Wl 

1.58 

2.75 

% .-- 

1.88 

1.95 

5.08 

3.30 

2.18 

2.10 

2.45 

2.00 

\.A^ 

1.45 

1.60 

2.68 

4 

1.88 

1.95 

4.00 

3.20 

2.15 

2.20 

2.40 

l.flO 

1.45 

1.43 

3.20 

3.48 

S 

1.90 

1.95 

8.58 

3.08 

2.10 

2.13 

2.08 

1.80 

1.40 

1.40 

2.75 

7.00 

6 i 

1.86 

2.10 

3.55 

3.00 

2.05 

2.16 

2.00 

1.70 

1.38 

1.38 

2.25 

5.15 

T 

1.85 

2.40 

4.53 

2.88 

2.  OB 

1.98 

1.90 

1.42 

1.35 

1.37 

2.05 

4.00 

8 

1.85 

2.60 

4.90 

2.80 

2.00 

1.90 

1.98 

1.60 

1.30 

1.35 

1.93 

3.56 

» 

1.85 

a76 

4.20 

3.00 

1.95 

1.90 

1.93 

1.57 

1.28 

1.38 

1.90 

3.40 

W 

2.05 

4.25 

3.70 

3.02 

2. 10 

1.88 

1.78 

1.55 

1.27 

1.37 

1.80 

3.40 

11 

2.115 

3.45 

3.45 

2.85 

2.00 

1.82 

1.73 

1.52 

1.25 

1.35 

1.72 

3.15 

If 

2.17 

3.10 

3.17 

2.65 

1.95 

1.75 

1.65 

1.48 

1.23 

1.35 

1.75 

2.92 

U 

4.18 

7.24 

3.00 

2.55 

1.97 

1.68 

1.63 

1.45 

1.20 

1.33 

1.76 

2.73 

14 

3.15 

7.90 

2.90 

2.60 

1.92 

1.70 

i.eo 

1.40 

1.20 

1.45 

1.86 

2.65 

U 

2.80 

5.05 

2.93 

2.87 

1.85 

205 

1.55 

1.40 

1.31 

1.70 

1.80 

2  65 

H 

2.53 

4.00 

2.87 

2.30 

1.83 

2.28 

1.52 

1.40 

1.88 

1.70 

1.78 

2.45 

17 

2.38 

a48 

2.85 

2.20 

1.80 

3.20 

1.45 

1.36 

1.65 

1.60 

1.75 

2.30 

18 

2.40 

3.10 

2.60 

2.40 

1.77 

5.23 

1.45 

1.37 

1.60 

1.55 

1.68 

2.26 

» 

2.«5 

2.65 

2.80 

2.52 

1.73 

4.40 

1.45 

1.40 

1.45 

1.60 

1.65 

2.25 

» 

5.W 

2.60 

8.12 

3.40 

1.80 

3.50 

1.42 

1.37 

1.40 

1.46 

1.62 

2.20 

a 

5.65 

2.55 

8.23 

3.55 

2.90 

3.00 

1.42 

1.40 

1.38 

1.45 

1.60 

2.23 

a 

4.33 

4.05 

5.50 

8.65 

2.50 

2.65 

1.48 

1.40 

1.43 

1.43 

1.72 

2.20 

a 

3.45 

5.40 

4.50 

3.73 

2.32 

2.45 

2.10 

1.60 

1.50 

2.47 

2.43 

2.08 

!t 

3(H 

4.37 

3.40 

3.45 

2.20 

2.25 

2.20 

1.40 

1.63 

3.68 

3.38 

2.05 

5 

2. 75 

8.76 

4.86 

8.16 

2.20 

2.16 

2.27 

1.45 

1.50 

2.60 

3.68 

2.18 

% 

2.55 

8.68 

4.60 

2.92 

2.50 

2.07 

2.44 

1.40 

1.53 

2.45 

18.2:3 

2.23 

5 

2.43 

8.80 

4.76 

2.75 

2.45 

2.05 

3.97 

1.60 

1.46 

2.25 

9.80 

2.18 

a 

2.25 

2.83 

4.13 

2.20 

2.20 

1.95 

3.90 

1.60 

1.40 

2.00 

5.08 

2.13 

a 

2.(W 

4.06 

2.45 

2.20 

1.95 

2.90 

1.55 

1.45 

1.75 

4.00 

2.12 

a 

2  45 

8.80 

2.40 

2.40 

2.00 

2.50 

1.60 

1.40 

1.70 

3.37 

2.3K 

a 

:   2.«i5 

I 

4.10 

2.40 

2.48 

1.50 

1.63 

2.36 

HORTH  FORK     OF    NEW  RIVER  AT    WEAVERSFORD,  NORTH    CAROLINA. 

During  the  summer  of  1900  a  special  iavestigatiou  of  the  hydro- 
graphic  conditions  of  the  southern  Appalacliiaii  region  was  made  by 
the  United  States  Geological  Survey.  Temporary  stations  were  estab- 
lished on  several  of  the  largest  rivers,  among  these  being  the  North 
Fork  and  the  South  Fork  of  New  River.  A  station  was  also  estab- 
lished on  New  River  near  Oldtown,  Virginia.  The  regular  station  on 
New  River,  which  is  at  Fayette,  West  Virginia,  has  been  continued. 
Descriptions  of  these  temporary  stations  and  the  gage  heights  obtained 
are  given  on  the  foUoMring  pages. 

The  station  at  Weaversford  was  established  July  27,  1900,  by  Cleve- 
land Abbe,  jr.,  and  N.  C.  Curtis.  The  nearest  railroad  station  is  at 
North  Wilkesboro,  40  miles  distant,  and  the  Weaversford  post-office  is 
a  fourth  of  a  mile  from  the  gaging  station,  which  can  only  be  reached 
by  private  conveyance.  The  gage  rod  is  12.6  feet  long,  and  is  divided 
into  feet  and  tenths.  It  is  nailed  to  the  downstream  vertical  timber  of 
theforebay  of  Dixon's  mill.  The  discharge  measurements  ai*e  made  by 
fading  at  a  comparatively  shallow  ford,  not  much  used  and  not  on  a 
public  highway,  located  400  yards  below  the  house  of  Mr.  Dixon,  the 
owner  of  the  mill.  The  initial  point  of  sounding  is  on  the  right  bank, 
at  the  outer  edge  of  a  fence  post  opposite  the  ford  where  measure- 
ments are  mAde.     The  banks  are  high  and  have'beeiv  ovet^o^^^^v^:^ 
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onue,  viK,  in  1878.  The  bed  of  tlie  utreaiu  is  rocky  and  gravelly,  an 
is  coiiBtiint  in  form.  The  observer  is  C.  L.  Nelson,  post-offlce  addm 
Wcftversford,  Ashe  County,  North  Carolina.  The  gage  heightB  h 
1900  will  be  published  next  year.  During  1000  the  following  measnH 
meuts  were  made  by  N.  C.  Curtis  and  Cleveland  Abbe,  jr. : 

July  3S:  Qage  lieight.  0.00  foot;  discharge.  ■'iSO  secood-feet. 

October  37:  Gaige  height,  O.UO  foot;  discharge,  703  Becond-fMt. 

SOUTH  FOBK  OF  NEW   BIVRK  AT  NEW   KIVBR,   NORTH  CABOLIMA 

This  Htation  was  eutjiblished  Jiily  28,  liiUO,  by  Cleveland  Abbe,  jr, 
and  N.  0.  Curtis.     The  neurest  riiilroud  sUitioii  is  North  Wilkesbon^ 
30  miles  distant,  und  tlie  gaginn  station  ciui  only  be  reached  by  pit 
vate  conveyance.     The  discharge  nieawtirenienta  are  made  by  wading 
across  a  ford  a  hiilf  mile  abnve  the  confluence  of  the  North  and  Soatt 
forks  of  New  River  and  about  1  mile  downstream  from  the  gage 
Warden's  store.     The  gage  is  a  wire  cord  running  over  a  boltdrivet 
into  a  luGUst  ti'cc,  and  rea<ls  on  a  horizontal  scale  di\'ided  into  feet 
and  tenths.     The  i>oint«r  or  index  on  Ihe  gage  wire  is  10.55  feet  froB 
the  extn^uie  tip  of  the  double  window-sash  weights  which  are  attached. 
When  the  latter  n^st  on  the  bottom,  tlio  index  stands  opposite  1  foot 
on  the  scale,  which  is  read  direct.     The  initial  point  of  sounding  isi 
notch  on  the  stream  side  of  the  second  small  poplar  on  the  left  of  tin 
road  going  towanl  the  stream  and  opposite  the  ford.     The  channel  il 
straight,  the  (current  fairly  swift,  and  the  banks  are  low  and  seldom 
overflow.     The  befl  of  the  stream  isj-ocky,  with  Iwwlders  and  cobbleB. 
The  drainage  area  fit  this  station  is  oi!fi.5  sijuaiv  miles.    The  observer  j 
is  F.  R.  Waivlen,  a  stoivkeeix-r  located  alx>ut  75  yaitls  downstrean  j 
from  the  gage.     During  liRM)  the  foUowiii<;  nifasurcmenl.4  were  made  j 
by  N.  C.  Curtis  and  C'leveland  Abbe,  jr. : 

July  28:  Ouge  height,  'i.l  feet;  discharge,  Tol  second-feet. 

October  38;  Gage  height.  2,0  feet;  discharge,  l,il:l."i  seoond-feet. 


Daily  fjage  hiti'jht,  in/M 
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NEW   RITBR  NKAK  01J)T0WI1,  VIROINU.. 

This  Station,  which  waa  eHtahlishod  by  Clevelund  Abbe,  jr.,  and 
.  C.  Curtis,  July  31, 1900,  Ih  located  about  '2  uiileu  west  of  Oldtown, 
kd  can  only  be  reached  by  private  conveyance.  Oldtown  is  30  miles 
om  the  railroad  at  Mount  Airy,  and  9  miles  from  a  branch  of  the 
orfolb  and  Western  Railway.  The  wire  gage  in  mtspeuded  from  an 
rerhauKing  tree  on  the  left  bank,  fiO  yards  upstream  from  the  ferry, 
he  horizontal  ucale  iH  so  placed  that  the  zero  mark  ih  iii<xt  to  the  bank, 
"he  disLanue  from  the  index  on  the  wire  lu  the  bottom  of  the  weight 
116.1  feet.  The  initial  point  of  Bounding  its  on  the  right  bank,  am) 
I  a  notch  cut  in  the  wooden  upright  of  the  beam  supiwrting  the  north 
nd  of  the  ferry  cable.  The  channel  above  and  below  the  station  is 
taight  and  the  current  is  fairly  swift.  The  right  bank  is  rather 
ow  and  is  subject  to  overflow.  The  left  bank  is  rarely  submei^d 
n  Hood.  The  bed  of  the  stream  is  rocky  and  sandy.  The  observer 
sjoshna  Austin,  a  farmer  of  Oldtown.  During  1!I0U  tin-  following 
neunrements  were  made  by  N.  C:.  Curtis  and  Cleveland  Abbe,  ji-. : 

JnlrSl:  Qage  belght,  6.S  feet:  diacharge,  i,541  xecontl-feei. 

October  39:  Qskb  height,  6.3  feet;  discharge,  2,293  second-feeL 

Datlir  gage  height,  infeei,  of  Nete  River  near  Oldtown,  Virginui,  fur  i9O0. 
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NKW  BIVEB  AT  PAYETTE,  WEST  VIKUINIA. 

This  station,  which  was  established  July  21),  IHUS,  is  just  above  the 
■oQth  of  Wolf  Creek,  on  the  one-span  highway  bridge  at.  Fayette, 
Weit  Virginia.  It  is  described  in  Water-Supply  I'atx^r  No.  ;iG,  jwige 
IH.  Reoords  of  measurements  for  lH'Ji)  will  be  found  In  the  Twenty- 
taft  Annnal  Repoft,  Part  IV,  page  157.  During  lOOO  the  followiug 
Beistuements  vere  made  by  D.  C.  Humphreys: 

March  St:  Oage  height,  8.48  feet;  discharge.  1T.86T  second-ftet. 
Jane  29:  OagBhalglit,  S.S6feet;  discharge,  11,436  second-feet. 
Ivlj  8S:  Gage  hdght,  2.4?  feet;  dlBOharge,  4.635  eecoDd-feet. 
:         AngoBt  20:  Qmgo  height,  O.SB  toot;  discharge,  2,375  aecond-feet. 
!         December  31:  Oage  height,  B.40  feet;  discharge,  0,915  eecoiid-£e«t. 
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Daily  gage  height,  in  feet ^  of  New  River  at  Fayette,  West  Virginia,  for  IS 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 


Day. 

Jan. 

2.96 

3.20 

3.40 

3.10 

8.10  1 

3.00 

3.(6 

3.10 

3.40 

3.60  , 

4.10 

4.44  I 

6.20  ' 

5.45 

5.30 

5.  a) , 

4.70  I 

4.40  i 

4.30  ' 

5.45 

8.76  j 

6.40  1 

4.40 

3.26  I 

3.60 

3.36 

3.50 

3.60 

3.75 

4.20 

4.(6  ; 

Feb. 

3.96 
3.00 
8.56 
3.60 
3.40 
3.45 
3.30 
3.(6 
3.00 
3.20 
3.40 
4.05 
4.20 
11.25 
9.60 
7.05 
3.40 
3.55 
4.10 
4.05 
5. 10 
5.4<» 
7.30 
6.56 
5.60 
6.10 

5.;» 

4.20 

Mar. 

7.8<» 
12.50 
8.15 
6.40 
5.65 
4.(6 
4.10 
3.80 
3.50 
3.46 
3.90 
4.05 
4.00 
4.00 
5.10 
5.75 
5.85 
6.20 
7.85 
10.40 
13.00 
12.30 
9.90 
7.45 
5.95 
5.15 
4.90 
7.50 
9.65 
8.60 
8.50 

Apr. 

8.30 
7.60 
6.90 
6.50 
6.20 
5.70 
5.40 
5.00 
4.85 
4.95 
4.76 
4.40 
4.25 
4.30 
4.20 
3.80 
3.00 
3.40 
3.80 
10.20 
8.50 
8.00 
9.80 
9.30 
7.85 
6.85 
6.10 
5.50 
5.00 
4.60 

May. 

4.50 
4.40 
4.10 
4.00 
4.00 
3.96 
3.86 
3.85 
3.90 
4.00 
4.50 
4.00 
4.25 
3.85 
3.55 
3.25 
3.15 
2.90 
4.50 
4.46 
4.10 
4.60 
4.10 
3.50 
4.(N) 
6.55 
6.(6 

5.:io 

4.60 
4.25 
4.90 

June. 

4.30 
8.00 
3.30 
3.(N) 
4.00 
3.50 
3.30 
3.  (JO 
2.65 
2.50 
2.40 
2.20 
3.45 
3.60 
3.50 
8.20 
10.40 
11.00 
10.60 
8.50 
6.80 
6.30 
6.00 
,   6.80 
5.60 
5.25 
5.00 
4.70 
5.50 
6.75 



July. 

6.60 

6.15 

5.30 

4.00 

3.10 

2.70 

2.90 

2.10 

1.80 

1.45 

1.10 

.90 

.80 

.70 

.60 

.60 

.60 

.50 

•  .80 

.90 

.90 

.76 

.50 

2.10 

2.70 

2.90 

5.00 

6.20 

6.50 

5.00 

3.80 

Aug. 

3.00 

2.20 

1.40 

1.00 

.70 

.60 

.26 

.10 

.10 

.00 

.90 

.60 

.JW 

.20 

.10 

.10 

.20 

.20 

.10 

.30 

.20 

.40 

.40 

.50 

.70 

1.00 

1.15 

1.30 

1.50 

,    2.00 

1.40 

Sept. 

0.90 

.90 

.90 

.80 

.80 

.70 

.70 

.7(» 

.60 

.76 

.80 

.85 

.75 

.90 

.80 

.90 

6.15 

7.80 

6.00 

6.40 

5.06 

4.00 

4.30 

2.86 

2.50 

2.06 

1.40 

1.S6 

1.15 

1.90 

Oct 

Not. 

1.10 

.95 

.80 

.80 

.76 

1.10 

1.10 

1.45 

1.70 

1.80 

1.00 

1.36 

1.40 

2.05 

2.26 

2.00 

1.86 

ao6 
aao 

2.96 

8.15 

3.16 

2.00 

16.06 

18.10 

13  30 

10.00 

6.50 

6.00 

4.75 

4.00 

&60 

&7r) 

aoo 

2.80 

2.65 

2.90 

8.25 

3.40 

a80 
4.00 

a75 

3.60 

8.45 

..  . ...... 

8.36 
a  10 

aoo 

2.70 

S.&0 

2.40 

2.80 

3.10 

4.40 
5.80 

6.00 

25.00 

(a) 

(a) 
(o^ 
(a) 

a  Uage  broken;  no  record. 


SOUTH   FORK   OF  HOLSTON   RIVER   AT  BLUFF  CITY,   TENNESSK 

This  station  was  originally  established  by  the  United  States  Wei 
Bureau  at  the  highway  bridge  at  Bluff  City.  Readings  were  b 
July  17,  1!*0(),  by  the  United  Stat(\s  Geological  Survey,  in  conne 
with  the  general  hydrographic  investigation  of  the  southern  Ap 
ehian  region.  Tiie  gage  is  a  4-ineh  by  8-ineh  timl)er  bolted  U 
downstream  side  of  the  stone  pier.  1'he  initial  point  of  soundi 
on  the  north  end  of  the  bridge,  downstream  side.  The  chanr 
straight  for  about  5(M.)  f(»(»t  abov(»  and  below  the  bridge*,  and  tht 
rent  is  swift.  The  north  bank  i.s  high,  but  the  south  bank  is  su 
to  overflow  at  the  bridge.  The  bed  i.s  rocky  and  constant  in  se( 
The  drainage  area  is  Si's.  l  s(iuare  miles.  ().  V.  C-ox  is  the  obse 
During  1000  the  following  measurements  were  made  by  E.  W.  1 
and  L.  V.  Branch: 

July  17:  Gage  height,  O.'J")  foot:  discharge,  'MS  second- feet. 
AngUHt  16:  Gage  height,  0.2i)  foot;  discharge,  :J29  second-feet. 
September  25:  Gage  height,  l.lo  feet:  discharge,  7U1  second-feet. 
November  8:  Gage  height.  o.iK)  foot:  discharge,  (>si  second-feet. 
December  27:  Gage  height,  O.GO  foot;  discharge,  393  second-feet. 


^gage  heif^.m  feet,  of  South  Fork  of  BoUton  Riwr  at  Bluff  City,  Tennemee, 


Or. 

JBlT.  Abb. 

Sept  Oil. 

Nor, 

Dbc. 

D.y- 

July. 

Aug. 

1 

'1 
1 

1 

.to 
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-1. 

i 
1 
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«i 

3U 
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0.M 

,en 

.10 

.00 

■1 

i 

1 
1 

17 

All 

.■m 

1 

|:;..:::::: 

1 

=:::! 

:;;;-;;;:; 

::::;■  | 

W 1  1.8U 

a  _   

--: .» 

31 

WATACOA  RIVKK  AT  BDTLER,  TENNESSEE. 
In  connection  with  the  general  hydrographie  inveBtif^ation  of  the 
athem  Appalat^hian  region,  stations  were  establlBhod  ou  Watauga 
iver  and  on  Roan  Creek  at  Butler,  Tennessee;  alno  on  Elk  Creek  at 
neback,  Tennessee.  Descriptions  of  these  stations  and  rec'ordu  of 
e  gage  heights  and  dischat^e  measurements  are  friven  on  the  foUow- 
%  pages.  The  station  on  Watauga  Riv«r  at  Butler  is  about  100 
»ds  below  the  month  of  Roan  Creek.  It  waa  established  August 
1,1900.  The  gage  rod,  which  is  graduated  to  feet  and  tenths,  is 
tiled  to  a  tree  on  the  right  bank.  Measurements  are  made  from  the 
igiiway  bridge.  The  initial  point  of  sounding  is  at  the  downstream 
id  of  the  guard  rail.  The  channel  is  straight  above  and  l>elow  the 
ation,  and  the  current  is  snift.  The  banks  are  high,  and  the  lied  is 
indy  and  rocky.  The  drainage  area  is  201  st^uare  miles.  The 
mrrer  is  Edgar  L.  Shull.  During  1000  tlie  following  measurements 
ere  made  by  E.  W,  Myers  and  L.  V.  Branch: 

July  90:  Gage  height,  1.37  feet;  discharge,  4-34  second-feet. 

Aognst  7:  Qsge  height.  0.90  foot;  discharge,  214  secoDd-feet. 

Anifaat  17:  Oage  height,  0.84  foot;  discharge,  166  second-feet. 

October  6:  Qage  height,  1.12  feet;  discharge,  338  second-feet. 

~      ~ :  Gage  height,  2.20  feet;  discharge,  591  secoud-feet. 
i:  Ghtge  height,  1.40  feet;  discharge,  311  second-feet. 

Daiiy  gage  hei^U,  in  feet,  of  Watatiga  River  at  Butler,  TeniieKiux,  for  1900, 
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BOAN   CRKKK   AT  BUTLER,  TENNESSEB. 

This  station  w»h  cstAblislied  August  «,  1  !««>.  The  gage  ia  a  verti) 
rod  Dailed  to  a  trw.  on  the  left  l>ank  of  the  stream,  at  CV>le  A  Scot 
gristmill,  nboiit  a  lialf  iiiUe  above  the  mouth  of  the  creek.  Measui 
ments  are  uiatle  friim  the  highwaj'  bridge  at  tlie  mouth  of  the  cree 
the  initial  iHiiiit  of  Kouudiiig  beizrg  on  the  i-ight  bank,  at  the  end  of  t 
upstream  guard  rail.  The  left  Imnk  i«  low  and  is  nubject  to  overdo 
The  bed  in  composed  of  sand  and  mud.  The  drainage  area  is  16S 
square  miles.     The  observer  is  W.  N.  Bridges,  of  Butler. 

During  1900  the  following  nieusui-em^'nts  wore  made  by  E,  W.  My< 
and  L.  V,  Branch: 

Jnly  30:  Qage  height,  1.47  feet;  diachiirga,  137  second-feet 
Ant^uBt  7:  Oage  height.  l.U:^  feet;  discliiir)^,  (Ti  BOcond-feet. 
Angnat  17;  Gage  height,  U.BTt  foot;  ilischarge.  TiH  second-feet 
October  6:  Qage  height,  O.SIt  foot;  discharge,  rrj.second-feet 
November  7;  Qage  height,  I.'iO  feet;  discharj^e,  171  eecoDd-feet. 
December  28;  Qage  height.  1.^  feet;  dincharge.  82  Kecoud-feet. 

Daily  gmie  height,  in  /vet,  of  Jitiaii  Crci:k  at  Buttvr,  Te»nemiee,for  ISOO. 


D..,         !a... 

Sept 
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1 
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Oct. 
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D.y. 

AuR.  Seirti,   Out. 
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ELK    LREEK    AT    I.LVlIBAfK,  TKNNKSSEE. 


This  station  was  oslMl.lisIn-.l  .^n^usi  s,  1 
to  a  tri'e  on  the  left  bank.  U".  yards  b.-l 
Gagtngs  an-  made  by  wading.  Tlie  lnuik 
overflow.  Tlie  channel  is  siraigbl  ami 
drainage  area  is  80.4  wninie  miles.     Tlie 


till- 


The  gage  i-od  is  nail 
le  Linebaek  post-ofiRt 

l<nv  and  are  subject 
■urreiil  is  swift.  T 
rver  Is  Dove  Linelmc 


During  !!niO  (lie  following  ineasuremea 
'.  Bran.h: 


of  Linebaek,  Tenne.ssc 
were  made  by  K.  W,  M 

AtigUBt9:  Uage  lieight,  ;t."i  feet;  discliurtce,  T'lsocond-feet. 
Aagnst  17;  U^o  height,  3.5  feet;  discharge,  .it!  set^nd-reet. 
October  6;  Gage  height,  ;t.O  feet;  discharge,  .hi  set-oiid-feet 


Daily  gage  hei^t,  fn  feel,  of  EOc  Crwk  at  Linebaek,  TVnwMM,  for  1900. 


D.T. 

Aug. 
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Oct 

NOY- 

Dec 
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NOLICHTCKY  RIVER  NEAR  CHUCKY   VALLEY,  TBNNEBHKR. 

Thi8  Hiation  was  established  Septomlier  Q,  liKNl,  at  tli<>  luKliway 
ridpe  1  miU'  alwve  Chaeky  Valley,  as  an  aid  in  tlio  KonurHJ  hydn>- 
nphieiiivestigationHof  the  southern  Appalaohiaiin;gi()ii  ma'lodnrinR 
le  Hummer  of  imXi.  The  wire  gage  is  Hii»p(;n(lr!(l  fnini  the  upHtntain 
deof  llie  bridge,  and  is  referred  to  a  scale  on  the  guard  rail.  The 
litial  point  of  somiding  is  at  the  end  of  the  lower  guani  rail  on  the 
^ftbaok,  dowDstreamside.  The  baokH  are  high,  the  ciirrenl  issltig- 
iBti.  and  tbe  bed  is  sandy.  The  stream  is  straighl  above  and  below 
le  station.  Tbe  drainage  area  is  Sl'wiuare  miles.  The  olmen'er  in 
i'ni  Bayless.  Chat'ky  Valley,  Tennessee.  During  lIMKi  the  follow- 
ig  irieasorfmeDts  were  made  by  L.  V.  Branch  and  K.  \V.  .Myers: 

tieplemlicr  5:  Gag«  bei^.  3  fast;  discharge.  »»S  aeooDd-feet. 

SepteulHr  3D:  Gace  beiste.  i.X-'  Ittrt:  diaclwrge,  442  tecaoil-feet. 

Octoter  t^.  Gaee  ho^e.  3  feet:  diichan^.  478  aecond-feet. 

Norenlxf'  Iv:  Ga^  Bei^t.  ±V>  feet:  diKbargs.  919  ■eocmd-feet. 
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FRENCH  BROAD  RIVER  NEAR  ASHEVILLE,  NORTH  CAROLINA. 

This  station,  which  was  established  by  C.  C.  Babb  in  Septemb 
1895,  is  located  at  the  Bingham  School  iron  highway  bridge,  3  mi 
west  of  Asheville,  and  is  reached  by  electric  car  from  that  place. 
is  described  in  Water-Supply  Paper  No.  36,  page  165.  Records 
measurements  for  1899  will  be  found  in  the  Twenty-first  Anni 
Report,  Part  IV,  page  100.  During  1900  the  following  measuremei 
were  made  by  E.  W.  Myers,  R.  E.  Shuford,  and  others: 

Dincharge  meamiremenffi  of  French  Broad  River  near  Asheville ,  North  Carolh 


Date. 


1900. 

January  G 

February  13  ... 

March  17 

April  28 

JoneC 

June  15 

July4 

JulyO 

Angiiflt  11 


(jage 
'  iH'i^t. 


Ft'ct. 
2.52 
7.tt5 


Diwharjfe. 


4.20 

H.HO  1 

3.30 

3.60 

3.75 

4.05 

3.10 

Sec.-ft. 
1.308 

10,  HOT 
4.HK2 

13.009 
2.H4H 
2,25f< 
4.273 
3,112 
1,204 


Date. 


ii-  - 


1900 
September  0.. 
September  13 
September  19 
October  13... 
October  23. . . . 
November  2ii. 
December  li  . 
December  :4) . 


i.SSB.p«~^ 


Feet.     I 

2.H2  I 

3.S4 

3.0U 

K20 

3.20 

a5o 

3.78 


*^t 


1. 

1^ 

1. 
1. 
2, 


Daily  gage  height,  in  feet,  of  French  Broad  River  near  AsJicviUe,  North  CarcHt 

for  rjiH). 


Day. 
1 

Jan. 

2.07 

2.  :J5 
2.25 

\i.m 

2.:J5 
2.47 
2.W 
2.60 
2. 45 
2.33 
2.80 
4.3f) 
4.25 
3.1« 
3.H(J 
4. 45 

4.m 

3.80 
3.00 
4.21) 
4.10 
4.(10 
3.80 
3.75 
3.05 

3.  i5 
3.:)0 
3.20 
2.U5 
2.90 
2.85 

2 

3 

4 

5 

6   

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

86 

86      

27 

28 

20 

30 

31 

Pel). 


2.8;J 
2.(W 
2.(« 
2.  HI 
3. 10 
3.20 
3.50 
3.60 
3.70 
3.75 
3.a) 
3.80 
7.1»5 
7.(i5 
0.55 
5.87 
4.95 
4.30 
3.47 
3.40 
3.80 
4.90 
4.70 
4.00 
4.40 
3.df) 
3.6(1 
3.80 


Mar. 


7.40 
H.70 
6.10 
5. 80 
4.70 
3.75 
3.80 
4.90 
4.70 
4.30 
4.10 
3.80 
3.00 
3.45 
3.:J7 
3.40 
3.50 
3. 70 
3.75 
4.40 
4.20 
4.10 
3.70 
3.60 
3.40 

4.;» 

4.0(J 
3.85 
3.80 
3.00 
3.53 


Apr. 


3.40 
3.33 
3.4(1 
3. 73 
3.00 
3.2f» 
3.16 
3. 10 
3.07 
3.05 
3.20 
3.40 
3.30 
3.25 
3.  (JO 
3.95 


4. 
5. 
5. 
5. 


30 
00 
75 
80 
6.:i5 
7.40 
5. 1(1 
4.00 
4.55 
4.4:) 
4.21) 
3. 9(1 
3.70 
3.  m 


r(\   ' 


I 


May. 

June. 

July. 
4.06 

Aug. 
3.65 

Sept. 

Oct. 
8.95 

Nov.  1 1> 

4.63 

3.05 

a33 

3.60  1   S 

4.47 

3.1(1 

4.10 

3.55 

3.80 

2.98 

4.00,   8 

3. 45 

3.(0 

4. 15 

3.  .50 

3.15 

8.97 

4.18     3 

3.:i-> 

3.(15 

4.20 

3.4(» 

3.10 

3.10 

4.25'   4 

3.27 

3. 55 

4.17 

3.  :© 

3.1»7 

3.27 

4.13     4 

3.20 

3.80 

4.2(» 

3.:^) 

3.10 

3.80 

4.00     4 

3.17 

4.20 

4.05 

3.27 

3.(15 

3.10 

3.86     4 

3.15 

4  (k'l 

4.10 

3.23 

3.03 

3.10 

3.68     3 

3.20 

4.00 

3.85 

3.20 

3.1(1 

3.00 

3.40  >  a 

3. 15 

3.80 

3.05 

3.17 

3.05 

2.96 

3.45 

a 

3.10 

3. 70 

3.67 

3. 15 

3.00 

2.85 

3.47 

3. 

3.00 

3.40 

3.63 

3.13 

2.85 

3.00 

3.60 

a 

3.00 

3.45 

4.80 

3.25 

2.80 

3.13 

3.47 

a 

2.90 

3.30 

4.00 

3.30 

3.40 

3.10 

3.38 

a 

2.85 

3.20 

4.«J 

3.17 

4.65 

2.90 

3.35 

a 

2.87 

7.23 

3.80 

3.20 

5.27 

2.80 

3.32 

a 

2.85 

0. 10 

3.70 

3.;«) 

3.90 

2.85 

3.:y) 

a 

2.8;^ 

5.70 

3.05 

3.45 

3.80 

2.83 

3.31 

a 

2.80 

4. 75 

3.(V3 

3.40 

3.50 

2.80 

3.85 

3 

2.77 

4.70 

3.00 

3.30 

3.20 

2.76 

3.37 

a 

2.05 

4.  (57 

3.57 

3.20 

3.15 

2.70 

3.40 

5 

2.47 

4.80 

3.55 

3.13 

3.13 

3.80 

3.37 

2.») 

4.93 

3.  (W 

3. 15 

3.10 

8.50 

3.33 

2.00 

0.  (Ml 

3.70 

3.20 

3.05 

7.45 

3.28 

3. 05 

5.1»5 

3. 75 

3.40 

3.20 

0.20 

4.30 

3.  \{\ 

5.H(I 

3.87 

3.35 

2.70 

4.80 

6.46 

3.00 

5. 70 

4.45 

3.25 

2.75 

4.16 

5.27 

8 

2.80 

4.65 

3.85 

3.20 

2.80 

4.00 

4.71) 

8 

2.73 

4.10 

3.55 

3. 13 

2.90 

3.70 

4.35 

3 

2.(J7 

4.00 

3.93 

3.20 

2.90 

3.63 

4.06 

8 

2.80 

" 

3.80 

3.:W 

3.60 

4 

PBENCH   BROAD  RIVER  AT  OLDTOWN,  TENNESSEE. 

This  is  one  of  the  temporary  stations  established  in  oi»nneotion  ifith 
e  general  bydrographic  study  of  the  southern  Appalachian  region. 
Bother  temporary  station  was  established  on  Pigeon  Hiver,  a  tribn- 
ly  of  the  French  Broad,  and  many  miacellaneous  ineaHurements 
we  maile  on  the  Freneh  Broad  and  its  tributaries,  the  results 
I  which  are  given  in  Paper  No,  4fl.  The  Oldtown  station  on  the 
reneh  Broad  was  established  September  4,  lltOO,  on  the  highway 
rid)|^  aoross  the  river  at  that  town,  which  ia  -  miles  north  of  New- 
urt,  Tennessee.  The  bridge  is  a  4-span  iron  structure,  with  woo<1en 
ud  rails.  The  gage  is  securely  nailed  to  the  second  span  from  the 
lath  end  of  the  bridge.  The  14-foot  mark  is  the  end  of  the  rod,  which 
I  bntted  against  the  north  side  of  the  first  strut  from  the  south  end 
f  the  span,  on  th.;  downstream  side.  The  outer  rim  of  the  pulley  ia 
.67  foot  from  the  zero  of  Hie  lod,  and  the  distance  between  the  end 
f  the  weight  and  the  pointer  on  the  wire  is  25. H2  feet.  When  the 
age  reads  1  foot,  the  water  level  is  20.a:)  feet  Ijelow  the  top  surface  of 
he  lower  chord  directly  l>elow  the  zero  of  the  gage  rod.  The  river  is 
traighl  for  a  long  distance  above  and  below  the  bridge,  aud  the  teloc- 
ly  of  the  current  is  well  distributed  all  the  way  across,  though  at  the 
owgtage  at  which  measureuient  was  made,  some  places  had  a  velocity 
no  small  to  give  satisfactory  results.  Almost  the  entire  distance 
kcross  the  bottom  seems  to  be  of  fine  sand.  The  observer  is  Jake 
Well,  Newport,  Tennessee.  During  1900  the  following  measurements 
were  made  by  E.  W.  Myers  and  L.  V.  Branch: 

September  4:  Gage  height,  1  foot;  discharge,  867  second-feet 
Novamlier  3:  Oage  heittbt,  1.2A  feet;  discborgv,  1,853  second-feet. 
December  15:  Osge  height.  1,30  feet;  discharge,  1,^9  eecond-teet 
December  36:  Oage  height, feet;  diachariie,  2,001  eeconil-feet. 

^1  gage  height,  in  feel,  of  French  Broad  River  at  Oidtoicn,  Tcnneswt:,  for  1900. 
Dny.  Sept   Oct.  |  Nut.    Dw.  Day.  Sept.  Oct. 


:,l:ffi 


!l. 


a  No  record  September  23  to  October  1*.  locloslTe 
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PIGEON  RIVER  AT  NEWPORT,  TBKNEB8BB. 

Tbis  statioB  was  eBtablished  September  4, 1900,  on  the  wagon  bridgi 
at  the  upper  end  of  the  town  ot  Newport,  about  100  yards  above  tbt 
railroad  bridge.  The  course  of  the  river  is  straight  for  several  hu- 
dred  yards  alwve  and  for  about  50  yards  below  the  bridge.  The 
rent  at  e.xtremo  low  water  is  very  sluggish.  At  even  the  lowest 
heights  the  water  is  very  deep.  The  bottom  is  smooth,  being  of 
in  many  places  overlain  with  mud.  The  15-foot  mark  of  the  rod, 
the  end,  is  Hbutted  firmly  against  the  east  side  of  the  first  stml 
from  the  weat  end  of  the  bridge,  on  the  downstream  side.  The  difr 
tance  between  the  Kcro  of  tlie  rod  and  the  outer  rim  of  the  pnllej 
wheel  is  0,95  foot,  and  fn>m  the  end  of  the  weight  to  the  pointer  oa 
the  wire  the  distance  is  32.89  feet.  When  the  gage  reading  is  1  foot, 
the  water  level  is  27.42  feet  below  the  top  surface  of  the  lower  chord 
directly  beneath  the  zero  of  the  gage  rod.  The  rod  is  of  hard  pine, 
well  painted  and  divided  into  feet  and  tenths.  The  drainage  area  it 
655  square  miles.  The  observer  is  II.  M.  Boyer,  proprietor  of  a  liveij 
stable  at  Newport.  During  1900  the  following  measurements  wen 
made  by  E.  W.  Myers  and  L.  V.  Branch: 

September  4:  Qage  height,  1.00  foot:  diech&rge,  356  second-f«et. 

November  3:  Qage  hei);ht,  —  foot;  discharge,  •144  second-feet. 

Decertit)er  16:  Gage  height,  1.38  feet:  discharge,  69!  second-feet. 

December  34:  Gage  height,  3  feet:  discbarge,  939  secood-feet 

Daily  gage  height ,  infeet,  of  Pigeon  Biver  at  Newport,  Tennttume,  for  1900. 
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TUCKASE(JBE   RIVER  AT  BRY80N,   NORTH  CAROLINA. 

Tills  station  is  descril>ed  in  Water-Supply  Paper  No.  36,  page  167- 
Results  of  measurements  during  189!)  will  be  found  in  the  Twenty- 
First  Annual  Report,  Part  IV,  page  162.  During  1900  the  following 
measurements  were  made  by  E.  W.  Myers  and  R.  E.  Shuford: 
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Diatharge  meaaurtmenU  of  Ttuik<uegee  River  at  Breton,  North  Carolina. 
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tUy  gage  height,  iufeet,oJTue3eaaegeeRiveratBryaon,  Iforth  Carolivn,  for  1900. 


R«pt.     Oct.     Nf 


LITTLE  TENNESSEE  RIVUB  AT  JDDSON,   NORTH  CAfiOLINA. 

This  stAtion  is  described  in  Water-Supply  Paper  No.  30,  page  168. 
SecordBof  meftsurementa  for  18i)ft  will  l>e  foiiud  in  tho  Twenty-first 
Innnal  Report,  Part  IV,  page  163.  During  1900  the  following  meas- 
irements  were  made  by  E.  W.  Myers  and  R.  A.  Shiiford: 

Febmai?  10;  Qftge  faedght,  4.56  feet;  diachar^,  3,~2S  seconil-feet. 

HarofaSO:  GUfieheigbt,  4.40  feet;  discharge,  8,179  eecond-feet. 

April  28:  Qage  beight,  4.5S  feet;  diachBTge,  3.785  second-feet. 

MsySS:  Qagebeigbt,  8.50  feet;  discharge,  1,744  aecond-feet 

Jmw  38:  Qoge  hcdgbt,  S  feet;  discbarge.  4,644  second-feet 

Angnsti:  Oagehelgbt,  S.45feet;  discharge,  1,668  second-feet. 

Nov«mbar  17:  Gage  height,  S.88  feet;  discharge,  1.006  second-feet. 

DHMmbflr97:  Oige  Mi^  MO  Int;  diaoharge,  1,414  second-feeL 
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HrWASSEK  RIVER  AT  MURPHY,   NORTH  CAROLINA. 

This  Hlatioii  w  described  iu  Water- Supply  Paper  No.  3«,  page  169.- 
Thc  uliiterver  itt  William  Mingiis,  of  Miirptiy.  Rocorda  of  measnm- 
iiieiita  dui'iiig  ISlMJ  will  Ijc  fminil  in  the  Tweuty-fiwt  AuimnI  Report, 
Pail.  IV,  iMigi'  Ifl.-i.  I>iii-ing  l!»m  ttu'  rnlluwitiy  mi-jwiiiemeiifa  were 
made  by  E.  W.  Myer«  and  K.  E.  Sliuford: 

Dinebargf.  measuretnimlg  of  Hi'troumv.  Ruvr  tit  Miirpht/.  yorth  Carolina. 
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t  height,  in  feet,  of  Biuxttgee  River  at  Murphy,  North  Cardinajor  1900. 
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HIWABSKE  RIVER  AT  RELIANCE,  TENNESSEE. 

hia  station  was  eHtablished  by  O.  P.  Hall  on  Au^st  17,  l!tOO. 
!  gage  is  a  vertical  timber,  graduated  to  feet  and  tenths,  spiked  to 
*e  on  the  right  bank  of  the  river  about  200  feet  above  the  Atlanta, 
oxville  anil  Northern  Railroa<l  biidge,  and  very  near  the  ferry 
ding.  Measurements  are  made  from  the  railroad  bridge,  a  new 
Jstnieture  of  three  spans  of  140  ft^et  eaeh,  wiiicli  has  recently  been 
«tilut«d  for  the  old  wooden  bridge.  Bench  mark  No.  1  is  a  nail 
\  hickorj'  tree  on  the  right  bank  of  the  river,  about  100  feet  above 
end  of  the  bridge  and  8.5Gfeet  above  the  zero  of  the  ga^.  Bench 
rk  Ko.  2  in  the  base  of  rail  40  feet  from  the  right-bank  end  of  bridge, 
lis24.70feetabovethezeroof  the  gage.  At  ordinary  stages  the  river 
ibont  350  feet  wide  at  this  point,  and  the  section  is  a  fairly  good 
\  bat  at  low  stages  the  current  becomes  very  sluggish.  The 
wrver  is  C.  V.  Higdon,  a  ferryman  who  lives  near  the  gage.  Dur- 
!  I!KK)  the  following  measurements  were  made  by  O.  P.  Flail: 

Angoflt  IT:  Gage  height,  1,13  feet;  discbarge,  1.133  Becond-feet. 
September  3:  Oage  height,  1,16  feet;  discharge,  1,159  second-feet. 
NoTember  30:  Gage  height,  1.72  feet;  diacharge,  1,965  second-feet. 
Decembra  19;  Gage  belgbt,  1.43  feet;  discharge,  1,442  second-feet. 
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DaUjf  gage  height,  in  feel,  of  HiwoKtee  Riivrat  Reliajice,  Tennessee,  f'lr  rjoo,   I 


AoK.Seiit.  Oct,   Not..  Deo.]! 


AnE-ISept,,  Oct.   Hot.  I 


i  it 


HIWAS8BB  RIVEE  AT  CaARLESTOK,  TENNESSEE. 

This  station  was  originally  estaltli shed  by  tlie  United  States  E 
neer  Corps,  but  is  now  iiiaintaint>t)  ah  ii  lialf-year  station  by 
United  States  Wentlier  Bureau.  Ii  in  [JcNcrihd)  in  Water-Sapply 
Paper  No.  3ti,  pages  17(i  »iid  171,  wliwe  will  also  Ik-  found  the  record 
of  measnrementa  made  during  ]8!)!l.  l>nring  llUX)  the  following 
mea»ureui(>nt8  were  made  by  Max  llalh 


March  ii:  OSige  height,  3.ri()feet;  liischarge,  C.iM 
April  3.'):  Gage  height,  4  r<^et:  disrimrKo,  7,iiT»  bl-. 
December  H:  Uage  height,  ^.03  feet;  discharge,  4. 
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TOCCOA  RITBR  KEAK  BLUEBIDGB,  GEORGIA. 

i  station,  which  was  established  by  B.  M.  Hall  November  25, 
is  at  the  MorgantoD  bridge,  about  4  miles  east  of  the  towo  of 
idge.     It  is  described  in  Water-Supply  Paper  No,  3C,  page  171, 
■OS  of  measureinentM  for  1899  will  be  found  in  the  Twenty-first 
al  Report,  Part  IV,  page  ICC.     During  1000  liie  following  meas- 
entfi  wete  made  by  B.  M.  Hall  and  his  assist-anbs, 
M«rch  33;  Osge  height,  8.HS  feet;  discharge,  067  aecoDd-feet. 
May  18:  Oago  height,  2.90  feet;  discharKe.  679  second-reet. 
November  28:  Qage  height,  2.85  feet;  discharge,  826  second-feet. 
July  10:  Qage  height,  2.V0  feet:  discharge.  H80  second-feet. 
December  17:  Qage  height,  2.65  feet;  discharge.  419  second-feet. 

Itf  gage  hei^U,  in  feet,  of  Toixoa  River  near  Blueridge,  Georgia,  for  ISOO, 


Jul]-.  ,  Aug,      Bspt.      Oct. 


1;S! 


a  No  record  Hay  31  to  Juno  'M,  htctmiTe. 
TENNESSEE   RIVER   AT   KNOXVILLE,  TENNESSEE. 

is  Station  was  originally  estal)lisbud  by  the  United  States  Weather 
an  at  the  old  county  highway  bridge,  whiijh  has  been  torn  down 
replaced  by  a  new  bridge.  Instead  of  placing  the  gage  at  the 
bridge,  it  was  decided  to  move  it  down  the  river,  in  order  to  get 
r  some  shoals  and  wing  dams  whicix  have  been  put  in  for  boat- 

A  temporary  gage  was  put  in  at  the  Knoxville  and  Augusta 
nad  bridge,  a  half  mile  below  the  higliwiiy  bridge,  and  was  used 
ig  the  greater  part  of  the  year  18'J!).     In  the  latter  part  of  that 

a  new  iMrmanent  gage  was  estalilishcd,  and  readings  from  it 
n  NoTember  1,  1899.     The  new  gage  is  located  on  the  right  bank. 
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MEASUREMEXTS  AT  UIVEU  STATIOX8.» 

MISCELLANEOUS    MEASUREMENTS    OF    STREAMS    IN    SOUTHERN    APPA- 
LACHIAN REGION. 

A  hydrographic  investigation  of  the  southern  Appalachian  region 
was  made  during  the  field  season  of  11K)0.  A  detailed  report  of  the 
work  will  appear  in  a  later  publication.  During  the  progress  of  the 
investigation  a  large  number  of  measurements  were  made  of  various 
streams,  as  shown  in  the  following  tables.  The  tables  are  arranged 
in  geographic  order,  commencing  with  the  more  northerly  streams, 
which  drain  into  the  Atlantic  Ocean,  and  ending  with  those  which 
belong  to  the  Gulf  drainage. 

MiKdlaneous  discharge  measurements  of  Yadkin  River  and  its  tributaries. 
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'  Continued  from  Wator-Supply  I'aper  No.  48. 
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MiRceUanemis  discharge  meafturements  of  Yadkin  River ,  etc. — Continued. 
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Se!)t.27 
Juno2U 
July  10 
Aug  a 
Si»pt.2« 
Nov.  1 
Juue2« 

I 

July  in  ' 
Aug.  a 
Sept.2S 
Nov.  1 
Jun«»27  ' 
July  11 
Aug.  2 
Sept.2?» 
Oct.  :JI 


North  Wllkesboro.  N.  C .... 

...  do 

do do 

—  do i do 

Trestle   of   Greensboro  and do 

Wilkenboro  division  of 
Southern  R.  R  .  North  Car- 
olina. I 

do ...  -do 

do ' do 

do i do 

do I do 

Riwring  River |  Greensboro  and  Wllkesboro   do 

I      R.  R.  bridge.  North  Caro-  ' 
Una.                                          I 
...  do do 

—  do do 

do 1 do 

— do 1 do 

Ford  of  road  from  Roaring   do 

River  to  Elkin,  N.  C. 

Greenalwro  and  Wilkesbt^ro   do 

R.  R.  bridge.  North  Caro- 
lina. 

do do 

do do 

do 1 do 

do do 

do do 

do do 

do do 

do I do 

Greensboro  and  Wilkeaboro   do 

R.  R.  trestle.  North  Caro- 


C.  Curtis 
do 


Feet. 

S4.7H 

25.15 


85.35 
31.98 


22.35 
22.30 


June  25     Big  Elkin  River 


...  do 

...do 

do 

Mitchell  River 

do 

do 

do , 

do 

Fisher  River... 


....do 

do 

...do 

...do 

Ararat  River 

do 

...  do .: 

...  do 

...do 


23.06 

23.45 
25.75 
25.13 
24.37 
{.»> 

24.53 
25.05 


lina. 
...do 
...do 
...do 
..do 
...do 
...do 
...do 
...do 
...do 


.do 

.do 

.do 

.do 

do 

.do 

do 

do 

.do 


iaL22 
21.63 
24.  IN) 
^.23 
24.25 

20.  (0 


23.38 

23.00 

23.72 

28.70 

23.9 

26.0 

2H.25 

2U.46 


SltLl 

012 
ItfLl 


5(13 
».S 

ftS.0 
59II.S 


161.4 
117.0 
IW.O 
197.0 
30.0 

aSiO 


20.0 

24.0 

27.0 

393.1 

ia».s 

119.0 
10U.O 
216.0 
540.0 


1».0 

me 

119.0 

28S.0 

WIO 

317.1 

265.44 

34a0 

arr.o 


Mi.^crllane'ftuii  discharge  measuremrnts  of  Catairha  RiiYr  tind  its  tribuldricii. 


Date. 


Stream. 


Localitv. 


Hydroerapher.    y,^,%^  ,.i2J^ 


vm. 

Juu»'28 
Autf.  2<) 
S<-pt.2i» 
Jun<»;»s 

Aug.  21 » 
St^pt.2<) 
Juner.*8 
Do  .. 


Aug.  2«i 
Jun«'2,*< 

Au«.  2S 
Jnue2f< 


Aug.  '> 
June  1 4 

Aug.  2<» 
July    :J 

Autf.  IS 
Sept.  21 


! 

t^atawbji  River ;  Oldfort.  N 

do I do 

<lo I do 


C. 


Mill  Crook , do 

do i\o 

—  do I do 

Jarrett  Crook i  Near  Oldfort,  N.  C 

l^irtis  Creek Tw<i  hundred  fe<»tabovo  ford 

!  of  <  >ldfort  road.  North  Car- 
I      oliim. 

do do 

Cribt.'rook Near    ford    of    main    road. 

North  Carolina. 

. . .    .do I ^\^^ 

Cloar  Crook '  Tw(»  hundred  foot  above  ford 

I  of  main  road.  North  Caro- 
I      lina. 

do   do 

Buck  (.'rook Ono-oi^hth  mile  above  m^uth 

at  mam  ford.  North  Car.  )lina. 

..   ..do I d«> 

North  Fork  of  Ca-  :  First  ford  alwvo  mouth, 
tawl)u  River.  North  Carolina. 

do j do 

d«> •■ do 


H.  A.  PressGV 

N.C.Curtis 

do 

H.  A  Pros.'^oy 

N.  C.  Curtii* 

do 

H.  A.  Prossey 

do 


Fert. 
10. 10 
12. 70 
12.78 
3.85 
6.73 


IS  I 


N. 
H. 

N. 

H. 


N. 

H 

N. 

H. 


C.  Curtis... 
A.  Pro<*s<»y., 

C.Curtis... 
A.  Prossey., 


C.  Curtis.. 
A.  Prossoy 


4.9 


•--•1 


Ser.-ft. 

ll.l^ 
12.0 

27.^ 
UIO 
I7.t* 
JJJU 


0^.08 

^^■^ 
35.  :S 

13- «1, 


C.Curtis I 

A.  Prossev ' 


240  ■  ^ 


N.C. Curtis :  

do :      3.1S 


«7.  i' 

61.  «^ 
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Miscellaneous  discharge,  measitrenienta  of  Caiawlta  River,  etc, — Continued. 


lie. 

Stream. 

Locality. 

Hydrographer. 

Gage 

height. 

Dis- 
charge. 

DO. 
el5 

Turkey  Cove  Creek. 

do 

Mnddy  Creek 

do 

Just  alK)ve  second  ford.  North 
Caroliua. 

do 

Bridgewater,  N.  (' 

L.V.Branch 

do 

Feet 
6.7.'» 

5.:so 

5.80 
4.1 
6.0 
0.43 
H.34 
U.3 
5.4 
11.55 
12.35 
14.83 
14.23 
5.72 

5.K5 

6.3 

6.84 

8.30 

8.2J) 

2.2 

O    .J 

21.48 
164.8 

eltt 

H.  A.Pressey 

L.V.Branch 

....  do 

16L9 
618.0 

r  ID 

do 

do ..!.*'.  ...v...'. 

119.2 

r.  17 

do 

do 

N.C.Curtis 

do 

08.6 

t.21 

do 

do : :::.:...:.. 

101.7 

eU 

el4S 

Paddy  Creek 

do 

Near  Bridgewater,  N.  C 

do - 

H.A.Pressey 

L.  V.  Branch 

....  do 

19.78 
203.67 

r  10 

do 

...  .do 

11.5 

r.  17 

do 

...  .do 

N.C.Curtis 

H.  A.Prossey 

do 

7.0 

e21 
e2« 

LlnviUe  River 

do 

Linville,  N.  C 

do.. 

21.0 
90.22 

e14 

Cano  Creek 

Lowest  ford  of  main  Morgan- 
ton  road,  North  Carolina. 

do 

do 

Near  Morganton,  N.  C 

....  do....! 

do 

One-four  t  h  mile  above  mou  th , 
North  Carolina. 

—  do 

do 

do 

Ford    at    Henderson's   mill. 

North  Carolina. 
Upper    Oeck    Falls.    North 

Carolina. 
Footbridge  100  yards  above 
month,  North  Carolina. 

Collettsville,  N.  C 

do 

At  month.  North  Carolina 

..  -do 

do 

Two     miles     above   mouth. 
North  Carolina 

....do 

do 

do 

do 

L.V.Branch 

N.C.Curtis 

L.V.Branch 

N.C.  Curtis 

do 

E.W.Myers 

L.V.Branch 

N.C.Curtis'. 

18.68 

el8 
M7 
eU 

do 

do 

Silver  Creek 

28.45 
7.2 
124.0 

MO 
t.24 
elS 

do 

do 

Upper  Creek 

do 

do 

do 

do 

do 

Steel  Creek 

■  Johmi  River 

' do 

Mulberry  Creek. ..' . 
' do 

Wilaon  Creek 

1  Lower  Creek 

1 do 

do 

do 

1 

48.4 

5»K0 

182.4 

50.0 
85.05 

t.24 

te20 

Ck)... 

do 

H.  A.Pressey  .... 

do 

"i2.'»" 

60.0 
20. 4S 

27.0 

Do... 

do 



3.20 

4.77 
4.47 
7.86 
7.95 

o.;5 

14.58 

IUO.21 

pt.» 
>v.  6 

pt.25 
OT.   6 
Do... 
iinel3 

aly  6 

N.C.Curtis 

do 

do 

do 

.  ...do 

E.W.Myers 

L.V.Branch 

40.0 

lavo 

17.0 

39.0 

208.0 

209.0 

132.0 

iept.24 

N.C.Curtis 

...-do 

*i5.'38* 

69.0 
56.0 

^i*<'eUaneoiis  discharge  vicasurenients  of  Broad  River  {of  the  CaroJinas)  and  its 

tributaries. 


Date. 


1900. 


Oct.  l,s 
Auie.:2 

I>o.. 
'ct.    « 

'V 

Ang.22 

Jet.  6 
W25 
Jet-  8 
Aog.25 


Stream. 


Broad  River 


.do.... 


do... 
.do-. 


.do 
do 


Locality. 


Hydrographer. 


■  Gage 
,heigbt. 


Dis- 
charge. 


Ford  1  mile  above  mouth  of 
Second  Broad  River,  North 
Carolina.  i 

McClure's  bridge,  North  Car-  I 
olina. 

do I do 

Near  mouth  of  Buffalo  Creek do 

North  Carolina.  , 

—  do I do 

Bri^dge  at  Batcave  post-oftice,  do 

...  do ' do 

do do 

...-do 


H.  A.  Pressey  . 
N.C.Curtis... 


Feet. 
5.95 


23.43 


22.07 


do 


i do ............... 

do 

!  Hickory  Nut  Creek  .'  At  mouth.  North  Carolina 

j  Reedy  Patch  Creek  .j do 

I  Buffalo  C*reek Fifteen    yards    below   main. do 

ford.  North  Carolina.  I 

,  Covec^eek [Bridge     at     Rutherfordton    do 

1     road.  North  Carolina. 
do do I do 


I 


Mountain  Creek 

do 

Maple  Creek 


Near  month.  North  Carolina .  i do 

do : 1 do 


.do 


.do 


10. 15 

10.45 

4.W) 

5. 75 

4.10 

18.  ft") 

18.10 
0.83 
0.48 
7.70 


SrC'ft, 
64a  0 


220.0 

434.0 
57.1 

145.4 
50.1 

48.0 
62.4 
15.2 
13.0 
17.0 

60.3 

86.0 

55.3 

70.2 

8.4 
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Miscellaneous  discharge  measurements  of  Yadkin  River,  etc. — Continiied 


Date. 


Stream. 


Locality. 


HydrcHrrapher.   '^f^^ 


c 


iwai 

Jane  33 
July  12 

Oct.     1 
June  23 


Jnly  3 
Aug.  4 
Sept.  27 
Nov.  2 
June  *2S} 


I 

Reddle  River j  North  Wilkesboro.  N.  C 

do ! do 

do ! do 

do ! do 


N. 


Mulberry  River ,  Tref«tl«*   of   Greensboro  and 


.do 
do 
do 
do 


Wilkenboro 
Southern  R.  R 
olina. 

...do 

..do 

...do 

do 


Roaring  River ,  Green«»l)oro  and 


July 
Aug. 


9 

4 


Sept.  27 
Nov.  >: 
Sept.  27 


do 

do 

do 

do 

Big  Bugaboo  Creek . 


June  25     Big  Elkin  River 


July  U 
Aug.  4 
Se:)ts27 
June  20 
Jnly  10 
Aug.  3 
Sept.  Sri 
Nov.  1 
Juue2H 


...  do 

do 

...    do 

Mitchell  River 

do 

.....do 

do 

do 

Fisher  River... 


I 


July  10 
Aug.  3 
Sept.  28 
Nov.  1 
June  27 
July  11 
Aug.  2 
Sept.  2!) 
Oct.  31 


do. 

do. 

do. 

— do . 

Ararat 

do. 

....  do. 
—  do. 
do. 


River 


R.  R 
lina. 
...  do 
...do 
...do 
....do 
Ford 


division   of 
North  Car- 

do 

do 

do 

' do 

Wilkeflboro   do. 


C.  Curtis 
do 

-do 

-do 

do 


Feet.     .- 
:S5. 15  I 


ffi.23 
21.  H3 


22.25 

32..'^)  I 
2*.  42  ' 


bridge.  North  Cam- 


do 
do 
do 
do 


ird  of  road  from  Roaring   do 

River  to  Elkin.  N.  C. 

GreenslK)ro  and  Wilkesboro   do 

R.  R.  bridge.  North  Caro- 
lina, i 

do ! do. 

do '...  .do 

do : do 

do I do. 

do I do. 

—  do I do. 

do I do. 

do 1 do, 

Greensboro  and  Wilkesboro  ! do, 

R.  R.  trestle.  North  Caro-  I 


23.08 


S5.45 
25.75 
35.13 
24.27 

i.a< 

24.5:) 


25.05 


lina. 
...do 
...do 
...do 
..do 
...do 
...do 
..  do 
..  d(» 

...do 


.do 

.do 

do 

.do 

do 

do 

.do 

do 

do 


20.22 
21.03 
24.  (JU 
24.25 
34.25 
33.80 
30.98 


23.38 

23.60 

23.  K 

33.70 

33.9 

36.0 

2M.25 

2li.40 

25  Ort 


Miiicrllnyieitus  (Vif^chnrcje  momturntipuis  of  Catiniixi  Rivci-  and  ita  tribntark 


Date. 


Stream. 


Lo<^alitv. 


Hydrocrapher.    ^^'^'^  ^.jj 


1«10. 
June  28 
Au«.  20 
St»pt.2l) 
Juno  2H 
Aug.  2i» 
Sppt.2») 
June  28 

Do  .. 


Aug.  2r» 
June  28 

Aug.  2S 
JuuetW 


Aug.  28 
June  14 

Aug.  2t) 
July    3 

Aug.  18 
Sept.  21 


Catawba  River Oldfort.  N.  C 

do do 

do , do 

Mill  Creek do 

do t]o 

do ; do 

Jarrett  Creek ,  Near  oldfort.  N.  C 

CurtisCreek T\vi>huinln»d  feet abov«*  ford 

I      of  « >ldfort  road.  North  Car- 

I      olitia. 

do .  .   .do 

CribCreek Nt»ar    fi>rd    of    main    road. 

'      North  Carolina. 

...  .do I do 

Clear  Creek Two  hundred  feet  Jiliovrford 

j      of  main  road.  North  Caro- 

'      lina. 

<lo ' do 

Buok  Creek 


H.  A.  ProQSHjT I    10.10 

N.C.Curtis.'. 

do 

H.  A  Pres«vv 
N.  C.  Curtis... 

do 

H.  A.  Pressey 
do ' 


Se 


,  One-eighth  mile  above  mouth 

I    at  mam  ford.  North  Car.»lina. 

do I do 

North  Fork  of  Ca-     First     ford     above     mouth, 
tawba  River.  i      North  Carolina. 

do I do 

—  do )   ...do 


I 


N.C.Curtis 

H.  A.  PresM'y... 

N.C.Curtis 

H.  A.  Pro-sev.. 


N.C.  Curti-.. 
H.  A.  Pre.s8f*v. 


12.  TO 

12. 7x 

3.8.-» 

6.73 


„  I 


4.9 


N.C.Curtis 5. a*)  ! 

H.A.Prossev 

N.C.Curti^i ;  

do ,      3.18 
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Miaceilaneowf  discharge  measurements  of  Catav*l*a  River,  etc. — Continued. 


Dite. 


Stream. 


Locality. 


HyaroKrapher.    ',2uZ    ,^^Z 


WO. 


15 


Turkey  Core  Creek.   Just  alwveseoondfonl.  North  !  I^.  V.  Branch - 

Carolina.  I 

do do do 

MuddyCreek |  Bridgowater.  N.  C H.A.Pressey 

do j oo !  L.V.Branch. 

do ' do 1 no 

do do N.C.Curti«.- 

do do ' do 


heitrbt.  charge. 


Fe*t    ,S,r../t. 
r..:.-»        21.48 


Paddy  Creek  .. 

do 

do  

.....do 

LiuTille  River, 
do 


Near  Bridpewater.  N.  C ■  H.  A.  Pre«*8ey 

do ;  L.V.Branch 

...  -do ..■ do 

do '  N.C.Curtis 

Linville,  X.  C i  H.  A.Prea«ey 

do ' do 


Cane  Creek Lowest  ford  of  main  Morgan- 
ton  road.  North  Carolina. 
do do 


.do 


do 


July  6 
8tpt.24 

Do... 


V.  Branch - 
C.Curtis'.. 

do 

A.  Prcf»sey 


Do... 

tqit.S 
Kor.  6 

lOT.  tf 

,Do... 
i9\j  « 


L.  V.  Branch. 

do N.C.Curtis. 

Silver  Creek Near  Morganton,  N.  C L.V.Branch. 

do do I  N.C.Curtis. 

do do I do 

Upper  Creek One-fourth  mile  above  month.    E.W.Myers. 

North  Carolina. 

do do L. 

do do N. 

do ' do 

do '  Ford   at    Henderson's   mill,  ,  H. 

North  Carolina. 

do 'Upper    Creek    Falln,    North    do 

Carolina. 

Steel  Creek Footbridse  KX)  yards  alK>ve    do 

I      mouth.  North  Carolina. 

Johns Biver Collet ts ville.  N. C N.C.Curtis. 

do ' do ' do 

Mulberry  Oeek...*..   At  month,  North  Carolina do 

do i..  ..do I do 

Wilson  Creek. do !    ...do 

Lower  Creek '.  Two     miles     above   mouth.     E.  W.  Myers 

North  Carolina 

do ! do L.V.Branch 

do : do N.C.Curtis. 

: do do do 


5.W» 

4.1 

(J.O 

n.43 

11.3 

.").4 

11.  oT) 

12.  a> 

14.83 

14.23 

:».72 


5.K> 
6.3 

H.3I) 

8  2l> 
•>  •> 


•t  •{ 


12. « 


4.77 
4.47 

7.85 

7.»5 

(».  75 

14.58 


104.8 
lftl.9 
018.0 
110.2 
98.0 
101.7 
10.78 
21 13.07 
11.5 
7.0 
21.0 
00.22 
18.r>8 

28.45 
7.2 

124.0 
48.4 
50.0 

182. 4 

5().  0 
S5.06 
00.0 
21).  42 

27.0 


3.2t»       liMi.Sl 


15.:J8 


40.0 

135.0 

17.0 

39.0 

20S.0 

200.0 

132.0 
0».O 
50.0 


^'"^Uaiieous  discfuirge  vieasxtreinentH  of  Brow!  Rirer  (o/  the  CUtroIinas)  and  its 

tributaries. 


h«e. 


m 

ABg.28 
%a 

^      II 

.  ^^ 

%» 

Do.. 

Oct.   « 

Oct.    s 
%2) 


Stream. 


I.xx?ality 


Gage 


Hydroifrapher.     ^^^^^^^ 


Broad  River 


Ford  1  mile  above  mouth  of 
Second  Broad  River.  North 
Carolina. 
do McClure's  bridge.  North  Car- 
olina. 

.do do do 

....do— Near  mouth  of  Buffalo  Creek do 

North  Carolina. 

— do do do 

.-..do :  Bridge  at  Batcave  post-ottioe dt» 

i      N.C. 

— do do do 

— do I do do 

Hickory  Nut  Creek  . '  At  mouth.  North  Carolina  ...  do 


H.  A.  Prossey 
N.C.Curtis.. 


I    Dis- 
charge. 


.  StC.'/t. 

040.  0 


Frrt. 
5.  i)5 


23.43  '    220.0 


22. 07 
15.2 

14.50 


Beedy  Patch  Creek  .; do i do 

ifteen    yards    Ijelow 
ford.  North  Carolina. 


dy 


Buffalo  Oeek 


Fifteen__yards_  Ijelow   main    do 

do 


Cove  Creek ^Bridge     at     Rutherfordton 

road,  North  Carolina. 

do  do 

Near  mouth.  North  Carolina do 

do do 

do I do 


do 

Moontain  Creek 

do 

Maple  Creek 


10. 15 

10.  45 

4.  SO 

.».  ,,y 

4.10 

18.  »V) 

18.  10 
0.83 
0.48 
7.70 


434.0 
57. 1 

140.4 
50.1 

48.0 
02.4 
15.2 
13.0 
17.0 

00.3 

yo.o 

.'A.  3 

70.2 

8.4 
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Miscellaneous  discharge  measurements  of  Broad  River,  etc, — Continoed. 


D«te. 


IMK). 
Aug.  35 
0<-t.     8 
Sept.  3 

Do... 
Aug.  31 

Aug.  2) 

Oct.     5 

Aug.  34 


Oct.  4 
Aug.  34 

Aug.  3!) 

Aug.  34 
Aug.  33 
Aug.  31 
Oct.  10 


1 

Stream. 

1 
Locality. 

Hydrographer. 

N.C.Curtis 

.  ..do 

do 

....do 

— do 

..    do 

do 

do 

do   

Oa«e 
height. 

Feet, 
23.9 
2>.6 
17.7 

5.41) 
4.6S 

30.8 

31).  32 
7.35 

7.00 
5.43 

3.35 

5.8 

Dis- 
charfa 

Qreen  River ... 

...  -do 

do 

■  Cove  Creek 

'  Cox's  bridge.  North  Carolina 

1 do 

Near  Saluda,  on  Howard  Qap 

road.  North  Carolina. 
Near  mouth.  North  Carolina  . 
,  One  half  mile  above  mouth. 
North  Carolina. 
One  and  one-half  miles  ea^t  <  >f 
Forest  City,  N.  C. 

do 

i  Bridge    on    Ru  t  her  ford  ton- 
!      Morganton     road.     North 
!     Carolina. 
do 

>     30.t 

35S.4 

74.1 

White  Oak  Creek.... 

:  Second  Broad  River. 

do  

do 

do 

tL9 

IA3 

ltt.3 
5i0 

64.1 

Cane  Creek 

Cathey  Creek 

One  mile  above  mouth.  North 

Carolina. 
At  mouth.  North  Carolina 

do 

do 

17.0 
411 

HoIHds  Creek 

do 

do 

14.1 

RobersouM  Creek 

1 do 

do 

«.l 

Puzzle  Creek 

,  Near  mouth.  North  Carolina . 
....  do  - 

do 

6.?9 
17.7 
16  3 

lilt 

First  Broad  River. . . 

do 

ftiS 

do 

....do 

do 

aA4 

1 

Miscvllani-ous  discharge  measurements  of  South  Sahula  Creek  and  its  tributarie$. 


Dato. 

Stream. 

Lrx^lity. 

1 

Hydrographer. 

Gage 
height. 

Feet. 

Dit- 
oharfft 

IWN). 

**#. 

Sept.  7 

South  Saluda  Creek 

Freeman  Bridge. below  month 

N.C.Curtis 

14.1 

of    Middle    Saluda   Creek,  j 

North  Carolina. 

0«-t.  14 

do 

do , 

do 

14.1 

m.j 

Sept.  7 

....  do 

Two  milt'S  above  mouth  of  i 
Middle  Saluda  Cre4.-k, North 
Carolina. 

....do 

6.0 

i*.o 

Oit.    14 

do 

do   

...  do 

li.O 

i:W.O 

Sept.  7 

Middle  Saluda  Cret-k 

One  mile  alxn'o  mouth.  North 
Carolina. 

do 

11.75 

6t*.0 

Oct.   l:; 

do 

do 

...  do 

hS.O 

Sept.  7 

North  Saluda  Creok . 

Ir«m  bridge  ux  Marietta.  X.  C. . 

do 

14.7 

'^-  T^ 

Oct.   l:J 

do 

do 

do 

14.17 

»».o 

Sept.  ») 

do 

Bridge     on    Lima  Cleveland 
MillH  r«»ad.Xortli  Cirolina. 

do    

13.  i» 

36.1 

Do... 

do 

Tw»>raileslK*lr>\v  Huinphrt'y's 
storo,  N«rlli  (.'ar<>lin:i. 

do 

14.3 

3*.  1 

Ih.... 

FalU'reok 

Bridge  on  road  to  Liiuu.  N .  (' .  ' 
aE.-^timattMl. 

do         

n  1*.  « 

____^. 

Miscellam'ous  ilisch(tr(ji'  inrafturennuts  af  TutfiiU>t)  Rivvr  trihutarivs. 


Dat«'. 


11«)U. 


Do.. 

Do.. 
Det\  '^ 

Do  . 

Do.. 
Deo.  3:1 

Do.. 


stream. 


L'M-alitv. 


Hvfirographer.    ^,li^g■« 


J.  C.Coun 


Dec.  -M     SouthPronff  of  Pan-  '  Near  TurntTvilU*,  Ha * 

ther  C.'nM'K. 

Panther  Creek df» \ do 

Tiger  Creek Nin<'mIl«'.**nc»rthof  Talluluh  Falls,  (ia   do 

.  .  do Six  miles  south  of  Chivton.  Ua ' do 

.SC4>tt  Cn'fk I  <iayt(»n.  (ia *. do 

TimpHon  Creek Five  miles  from  Clayton,  (Ja ! do 12-  ^ 

Tallulah  River i  Burton,  C4a ; do :     9Si.  J 

StektMi  Creek '  One  mile  ea«t  of  Clayton,  Oa do P-  * 

Chattooga  River t  Roger**  Ford,  Georgia : do ^-  - 


3i-  •' 

18.  2 

"J 


SOUTHBBN   APPALACHIAN   SEOION. 


1    OroTeCreek    1  StayBville.Qa J 

,    Bli-korrLevelOH-lE, do 

t    Little  HndnonCreek    Honwr.G* 

.   Little  Siil* Creek... ,....  do ... 

I    >'urtb  Broad  River..    Three  and  oae  hair  mll«  wnith  of  '... 

.   DBTinOeek I  four  mllen Boulb  of  Toccoe. O* 

.     L*«tb*rw«)d  Creek  I  Elgbt  and   one-half  mllei  south  of  , 
I     Toccoa.  Oa. 

Little  Leatherwood  '  Ten  miles  sontb  of  Toccna,  Qa 

iTeek, 


■«  nonbeaflt  ol 


'    One  mile  north  of  Fomi 


r.Ga... 


Do  ..  Orove  Creek... 


\Ii»cel!ancons  d'uKharge 


\t»  <if  Savanitah  Rix-er  tributnri 


JntD  Holloir Creek... 
]^  :  Sonth  Broad  Ri' 
On,  I!    Broad  Blrer.... 


.?5E,, 


Kathwood-SC I  B.M  Rail.. 

NearCarll<iu.aa UaiHall  .. 

Baker'B  ferry,  aboot  2&  ojlles   do 

below  Carlton.  Oa.  { 


MUceilaneoM  discharge  measarementa  ofOeone 


■r  and  its  trilmfaries. 


jv  -'7   Oronee  RlTer... 


..do.. 


UnfTrC 


I   Hra"B"Pher.    h^X.cl 


Carey.  Qa... 


.  do,.. 


..    MllledKevllle,aa... 

..|  HowhtOQ.Ga!.'.*!.. 
PenclerKTRsa.  Qa  ... 

MlddleOcoDerltlter do   

Hnrrleane  Creek — :  Dry  Pond,  Ga 

Xorth  Oconee  River  |  ....do 


...do.. 


■  I  Pendersraw,  Ga. ., 


Sfr.Jt. 

i.m.o 

l,5W.O 


.VHwUaneoiM  dincharge  me<iS'irfmeiilg  of  Ocnmlgee  River  nnd  itt  Iribnianen, 


I .  Stone  UuQDtaln  .  Stone  Moan  Mi  d,  Oa J.  C.  Cod 

!     Creek. 

..  Hames  Creek anellvllle.  Ga I do.. 

-.1  BiB  Creek Tripp,  Oa '....do.. 

.Shoal  Creek Bramletl  Shoalu,  Georgia .1.-..  do.. 

I  AleoTT  River do ' do  .. 
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MifwellaneouH  diacharge  measurements  of  Chattahoochee  River  and  its 


Date. 


1000. 

Auir-:^ 


Stream. 


Lo(.*ality. 


Hydrognpher 


its  iribuiarial 


eharfi 


Cane  Creek 


--I 
-.1 


.  -- 1 


Do 
Do. 
Do.. 
Do.- 
Do.. 
Do.. 
Do.. 
AuK.21 

Do. 
Do.. 
Do.. 
Do.. 
Anff.  22 

Do!. 
Do.. 
Do.. 
Do.. 
Do. 

*"&^' 

Do.. 

Do.. 

Di).. 

Aug.  24 


Dec.  21  i 
Do... I 


.1 


Yahoola  Creek 

Chestatee  Rivt»r 

Slngrleton  ditch 

Yahoola  ditch i 

Yahoola  Creek 

Cane  Creek 

Wards  Creek 

Charlefl  Creek 

Tatea  Creek i 

Mill  Creek 

Turner  Creek , 

Shoal  Creek    

Chestatoe  River 

Town  Creek ! 

do 

Lond  ditch 

Jennies  Creek 

E.  Teasantee  Croek . . , 

Teasantee  River 

8hoal  Creek 

Dnkca  Creek \ 

Chattaho<x!hee  River' 

8anteeOeek I 

Soque  River i 

Plat  ShoalH  Creek...; 
Little  River  Creek..' 


Near  Dahlonega,  Ga ,  W.  E.  Hall  and 

H.G.  Stokes, 
do 


orCa' 


.do, 

.do. 

do. 

do. 


do 
do 
do 
do 
do 


Five  miles  alK>ve  Dahlonefca.  Ga 

Five  miles  north  of  Dahlonega.  Ga  . . 

At  mouth.  Georgia | do 

Near  Louisville.  Ga ] do 

<.>ne  mile  above  mouth.  Georgia do 

Near  mouth,  Georgia | do 

—  do I do 

Above  mining  ditch.  Georgia ...| do 

Below  Turner  Creek.  Georgia : do 

Six  miles  above  month.  Georgia do 

Two  miles  above  mouth,  Georgia ' do 

Near  Henesey.  Ga \ do 

Near  Pleasant  Retreat,  Ga do 

do 
do 


Glades  Creek 
Hazel  Creek . 


At  mouth,  Georgia 

Near  Pleasant  Retreat,  Ga. 

Near  mouth.  Georgia i do 

Two  miles  above  mouth,  Georgia ! do 

Nacoochee.  Ga do 

At  mouth,  Georgia i do 

Porter  Mills,  Georgia I do 

Johnson'smill, near  West  Point,  Ga.. I  Max  Hall 

Near  Land,  Georgia i  W.  E.  Hall  and 

i     H.  G.  Stokes. 

Five  miles  northeast  of  Dt^moreat.Ga.,  J.  C.  Conn 

Demorest,  Ga ' do 


Miscellaneous  discharge  measurements  of  Etoicah  River  and  its  tributaries. 


Date. 


1900. 
Aug.  14 

Do.. 

Do. 

Do.. 
Do...] 
Ang,15| 

Do    .1 
Do.  I 

Aug.  ir>  I 

Do  ..' 

Do... 
Ane.  17 
Do  . 
Do    . 
Do  .. 
Do  . 
Do.. 
D«i  .. 

D(. 
Aug.  IS 
Do  . 
Do 
Do  . 

Do... 
Do ... 

Aug.  L'l 
Sept.  'St 

Do  . 

Do 
Nov.  l.> 


Stream. 


Little  River 

Sniithwick  Creek  . . 

Buzzard   Fhipper 

Creek. 
Board  Tre<»  Crook . . 
Sittingdown  Creek.. 

Etowiili  Rivor 

Cogburns  Creek 

Yellow  Creek 

Amicalula  River 

Spriggs  Creek 


Locality. 


Arnold'.**  mill. Georgia. 


Hydrographer.  [c^^ 


R4>twoen  Arnold's  mill.  Georgia,  and 
Croiirbton.  Ga. 

...  a«» 


Src.ft. 
W.  E.  Hall  and         56  3 

H.  G.  Stokes. 
...  do H.O 


do 


.  -do ..  .do 

Crfightnn,  Ga do 

Near  Hightower.Ga do 

<\o  I do 


Little   Amitalola  , 

Creek. 
Big  Amioalola  Creek , 

Spriggs  Creek 

''nnler  Creek 

Parks  Creek ' 

Pigeon  Creek > 

Shoal  Croek . 

Etowah  River 

West  A  ini<-nlola 

Creek .  i 

Crane  Croek 

Carder  Creek 

Spriggs  ( 'reek ' 

Parks  Croek ' 

Mill  Creek i 

Nimblewill  Creek..-! 
Etowah  River 


6.0 

8.«1 

64.* 

WA.O 

12-0 

Near  numth.Goorgia i do ,      4-').^ 

About  'i  milos  above  m<.»uth.  Georgia  .| do !     241-0 

Uno  niilo  Ik>1ow  Summerour  place,    do '      -1--^ 

Georgia. 
Below  Araloalola  Falls.  Georgia  


do 


Near  Afton  p'>.<?t-i>fhce.Ga ' do 

Near  .1  uno  postotfioo.Ga ! do 

Near  nuMitii.Goonria i do 

do  i do 

Near  DawM)uville,Ga do 

do : do 

Near  Auraria.  Ga i do 

Langstoii  F<.>rd.  (loorgia '  B.  M.  Hall 


Montgomery  Creek. i 

Etowah  River 

Petits  Creek 

Pumpkin  Vine  Cret»k 
Town  Creek 


Bolow  Ami«'al«)la  Falls. Georgia ' do 

Near  Emma.  Ga    ! do 

At  Spriggs  F«>rd.  CJe  trtria do 

Near  Parks  pla<?e.(Toorgia do 

Near  mouth. Georgia '  W.  E.  Hall  and 

H.G.Stokes. 

One  mile  above  month.  Georgia do 

Below  mouth  of  Nimblewill  Creek.    ..  ..do 

Georgia. 

Near  Randa, Ga ...do 

Near  Carters ville.Ga  Max  Hall 

do  do 

do do 

Alioe  Ga O  P.  Hall 


4.3 

{fl.O 
lT.  • 
16.5 
16.0 
7.6 
'M.6 

15.9 

6.5 

9.0 

14.0 

:.:» 

34.0 

40.0 
133.0 


I 
,ol 


10.4 

16.  r 

tM).i! 

6.1 


'/  Ga'^V!  he*>'L  t.  r2  fo-^-. 
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MiaeeUaneous  discharge  measurements  of  Coosaxcattee  River  and  its  tributaries. 


Date. 


Stream. 


WO. 


Locality. 


Hydrographer.    ^.j^^;^^ 


1» 


Do... 
•  Do- 

Do.  - 
9ct  » 

Do.. 

Do.. 

Do... 

Do.. 

Do.. 

Do.. 

Do... 


Sugar  Creek 

Clontz  Creek 

Talking  Rock  Creek. : 

Harria  Creek 

Worley  Creek 

CYawfords  Creek  . 

Tails  Creek 

Flat  Creek  

Cartecay  Ri  ver 

Ellljay  River 

Cox  Creek , 

MiU  Creek ' 

Clonegar  Creek 

Clear  Creek  

Turkey  Creek 


22  Lick  Log  Creek  ... 
[Oct  U  Anderson  Creek. . . 
•     Do...  Tickanetley  River 


Do... 
Do... 

Do.. 
Do... 

Do... 
OctS 
Do... 

Do... 

Do... 
Do... 

Do... 

Do... 
Do... 
Oct  35 
Do... 
Do... 

Do.. 
Do... 

aJ^  • 
Do.. 

Do... 


Do... 


Pumpkin  Creek 
Downing  C>eek 


Rawl9ton  Cr«M^k 

Branch  of  Cartecuy 

River. 
Scrongetown  Creek 

Owlto wn  Creek 

Big  Turnip  town 

Creek. 
Little    Tumiptown 

Creek. 
White  Path  Creek. . . 
Branch  of  Briar 

Creek. 
Briai  Creek 


Near  Ram.sey,  Oa O.  P  Hall 

Southern's  ford,  Georgia I  3.  M.  Hull 

Near  Carters,  Ga O.P.Hall 

Goble,Ga do 

At  mouth,  Georgia di> 

do do.  .. 

do do 

..  ..do do 

Ellijay,  Ga do 

do do 

do    do  — 

Near  Ellijay.  Ga do 

Five  miles  above  EUiJay,  Ga do 

One  mile  above  moutn,  Georgia do 

One  mill*  alx)ve  mouth  of  Clear  Creek do 

Georgia. 

Carteoay,  Ga do 

(.)ne  mile  above  mouth,  Georgia do 

One  mile  above  mouth  of  Anderson    do 

Creek.  Georgia.  | 

Near  Tickanetley,  Ga i do 

One  and  one-half  miles  above  forks,  i do 

Georgia.  | 

Near  mouth, Georgia.. | do 

Entering    Cartecay    River.  »  miles    do 

above  Ellijay,  Ga.                                 I 
Near  mouth,  7  miles  above  Ellijay.  Ga do 


At  mouth.  3  miles  al>ove  Ellijay,  Ga. 
Above  mouth  of  Little  Tumiptown 

Creek,  Georgia. 
One  mile  above  mouth,  Georgia 


At  railroad  crossing,  Georgia. 
Whitepath,  Ga 


Rock  Creek 

Cherry  Log  Creek .. . 
Board  town  Creek . . . 

Parks  Creek 

Branch  of  Kells 

Creek. 

Kells  Creek 

Branch    of    Ellijay 

River. 

Ellijay  River 

Cartecay  River 

MouD  taintown 

Creek. 
Middle   Prong   of 

Mountaintown 

Creek. 
West    Prong    of 

Mountaintown 

Creek. 


One  and   one-half    miles    north  of 
Whitepath,  Ga. 

One  mile  above  mouth,  Georgia 

Near  mouth,  G eorgia 

do 

At  Board  town  road.  Georgia 

Near  mouth,  Georgia 


Above  mouth.  Geor^a 
Near  month.  Georgia.. 


do 
.do 

do 

.do 
.do 

do 

do 

.do 

do 

.do 

do 

.do 
.do 


At  bridge  If  miles  above  Ellijay,  Ga do 

At  railroad  bridge  at  Ellijay,  Ga do 

Above  fork  at  Ratcliff,  Ga 


Near  mouth,  Georgia. 


.do 
.do 


Above    mouth    of     Middle     Prong do 

Georgia. 


iy€C.ft. 

"4.0 

17.8 

91.0 

3.4 

5.0 

27.0 

1».0 

liiVo 

ia*.o 

»>  «» 

0m*  mm 

:;.o 

3.0 

7.5 

12.9 

lrt.3 

70. 0 

101.0 

29.8 
23.6 

27.5 
4.6 

7.7 
15. 0 
17.4 

1.9 

5.3 

.8 

3.0 

32.5 

21.9 

2h.l 

2.4 

1.5 

10.6 
3.0 

175.7 

2t53.2 

37.3 

17.9 


23.2 


^iteellaneous  discliarge  measurements  of  Conasauga  River  and  its  tribntariei^^. 


Dite. 


Non. 

«ept.  7 
Aog.13 
wpt.  S 
AIIK.W 

Anff.U 
Bept.  t 

Bcpi.  ft 
Aug.  15 


Stream. 


Conasauga  River 

Rock  Creek 

do 


Locality. 


Hydrographer. 


Near  Resaca.Ga O.P.Hall 

Ramsey.Ga do 

do  ! do  — 

HolivCreek I  Near  Fort  Mountain, Georgia do  — 

do do do  — 

Mill  Creek I  Dunn.Ga do.... 

bumach  Creek :  North  Prong  at  Long  Bridge,  Georgia  do  — 

— do i  South  Prongat  Long  Bridge,  Georgia    — do  — 

do i do do  — 

— do ;  North  Prong  at  Long  Bridge.  Georgia  do  — 

Conasanga  River — i  Alaculsy.Ga do  — 

— do do do  — 

JacksRiver ,  Near  Alaculsy. Ga do  — 

....do ! do do 

Sheets  Creek ' do do  ... 


Dis- 
charge. 


Sic. -ft. 

421).  0 

7.4 

4.2 

13.8 

13.5 

3.0 

3.2 

3.6 

4.1 

3.4 

16.2 

10.7 

30.6 


\ 
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Miscellaneous  discharge  meastirements  of  Coosa  River  tributaries. 


Date. 


Btrvam. 


Locality. 


[  Hydrographer.  ^ 


19UI.).  '  \  ■  a 

Aug  15  ,  Talladega  Creek Kym  alga,  Ala '  J.R.Hall I 

Aug.  10    Talleti8cmitche«  Creek    Cuildersburg.  Ala *. I do 

Aug.  17     Hatchet  t  Creek Good  water,  Ala ' do I 


Miscellaneous  discharge  measurements  of  Tallapo*)sa  Rirer  and  its  trfbntar 


Date?. 


liMNl. 

Apr.  7 
Aug.  :; 
Aug.  a 
Aug.SH 
Aug.  .K) 
Nov.  1 
Dec.  1:; 
Do... 


Stream. 


Locality. 


Hydrographor.     ^ 


1 


Tallapoosa  Rivor Muscadine.  Ala J.  C.  Conn 

Lougahatchee Creek    Meador's  bridge. Alabama J.H.Hall. 


Blue  Cre<.'k 
Elkhatchee  Creek. . . 
Timber  Cut  Creek  .. 
Tallapotma  Creek  — 
ChattuMifkee  Creek. 
Baudy  Creek 


Susiiuna.  Ala ' do 

iHlaiid  Homo.  Ala i do 

Welche'rt  ferry.  Alabama do 

Cherokeif  BlutT.  Aluljama I do 


."»< 


Dadeville.Ala J do 

Near  Da<leville.  Ala d«» 


a 


Miscellaneous  discharge  measuremrntH  of  AVm*  Ritx'r  and  its  tributaries. 


Date. 


Stream. 


liOoality. 


Hydrographer. 


Gaffe  I  I 
beignt.'cb 


19(N).     , 
July  IH 

Oct.  25 
July  aJ  , 

Oct.  24 
July  £i  I 

Oct.  24 
July  Si  , 
Oit.  24 
July  ix  . 

O-t.  2.'>  1 
July  24 

July  IM 
July  24 

July  19  ' 
July  27  ! 

July  21  , 

Oft.  21) 
July  2»» 


Do  .. 
July  21 
July  21) 

Oct.  'M 
July  2fJ 

Oct.  26 
.Tuly  25 

0<'t.  27 
July  25 

Oct.  27 
July  28 

Oct.  28 


Riverside,  N.  C I  N.  C.Curtis 


do 
do 

do 
do 

do 
do 
do 
do 

do 
do 


South  Fork  of  New 
River. 

do I do 

Flannery  F'ork !  Ford  of  Booue-Blowiug  Rock 

I     road.  North  Carolina. 

do do 

Middle  Fork !  Ford    of    Boone  -  Abo   road, 

'      North  Carolina.  I 

do   do. 

East  Fork ; do   ' 

do do I 

Mout  Camp  Creek...    Ont'-fourth  mile  Inflow  Mor- 

I      etz,  N.  C. 

do do    

Elk  Creek '  Elk  crossroads.  North  Caro    , 

Una.  , 

Old  Field  Creek do 

{ia\t  Creek One-eighth  uiileal>ovem«)Uth,  ' do 

North  (.'aroliua. 

BoiiverCreok '  At  mouth.  North  Carolina do 

Mullx'rry  Creek Near  mimth.  North  Carolina do 

Prather  Creek One  and  one-half  miles  below    do 

'      Soottville,  N.  C. 

North  Fork  of  New     One  mile  below  Creston.  N.  C do 

River. 

do do 

do One-half  mile  from  Creston, 

N.  C,  on  road  to  Solitude, 

N.  C. 
Three  Top  Creek....    Creston,  N.  C 

do    ■ do 

Big  Laurel  Creek  ....  One    hundred    yards   above 

I      mouth.  North  Carolina. 

di) do do 

Buffalo  Creek    One-eighth  mile  al>ove  mouth.    do 

North  Carolina. 

do .do do 

Horse  Creek One-fourth  mile  above  mouth,  [ do 

North  Carolina. 

do do I do 

Helton  Creek ..^  Below  Peasley's  mill,  North  , do 

Carolina.  I 

do I do   I..  ..do 

Wilson  Creek Two  miles  above  month.  Vir-  : do 

'      ginia.                                         | 
do do I  do 


Frrt. 
1185 

11.00 
tf.35 

5.36 

5.70 


1 


do 
do 


...do 
..  do 
...do 


5.70 
5. 10  ! 
9  UO 

I 

«.0U 

6.1     ' 
4.85  1 

tiUi  I 
5.1 
an   I 

6.7     I 

6.0 
2.tt5 


6.75 
7.25 

6.40 

6.30 
5.43 


6.6    I 

6.05 

4.3h 


6.3 
6.1 


I 


80CTHEBN  APPALACHIAN  BEOION. 


211 


Miscellaneous  discharge  measurements  of  New  Riv^rj  eic, — ContmaeK 


Dftte. 


Stream. 


Locality. 


Hydrograpber.    hl?Xt.  c.£r«e. 


I      l»ri.  '  hWt.     Sec.  ft. 

t  Jvly  9  ;  Fox  Creek One-foarthmilo above  mouth,    N.C.  Curtis i S5.t 

I  Virginia.  •  i 

•  Oct.  28  '  ...  do do do ■ 144.0 

July  31  ,  Peach  Bottom  Creek    Two  hundred   yards  uljove    do '     4.9  21.4 

,  I     mouth,  Virginia.  i 

Oct   29  ! do ! do ...' do " 38.0 

July  31     Little  River Ford   of   Independence-Old- do ,     9.1  IW.C 

I  town  road.  V  irgmia.  '  ' 

Oct.  29  1 do do I do I >  318.2 

July  3D    ElkCreek ;  Two  hundred   vards  above    do j      4.0  57.  .i< 

!      mouth,  Virginia.                     I                                j 
I 

MiseeUaueous  discharge  measurements  of  French  Broad  Riix*r  and  its  tributaries. 


D«te. 


Stream. 


Locality. 


Hydrographer.    j^G«^^; 


DiH- 
eharge. 


1900. 
Sept.  ;  j 

Sept.li  i 
Oct.  s» 

Sept.  18  . 

I 

Oct  17 

Kipt.n 

Sept.  13 
Oct  15 
8ept.U 

Uct  15. 
Sept.l4  i 


Oct.  15 
Hept.l6' 

Do..  . 


Sept  14 


Oct.  15 
Sept.U 


Do.... 

I 
I 

Oct   W 

Sept.lC 

Sept  13 

Sept.  17  i 

Do... 
Oct  16  I 
Sept  17 

Oct.  16  . 
Sept.  17 
Do... 

Oct.  17  ' 

Sept  18  ; 

Do... I 

Do...: 

Sept  19  ! 
Oct  17  ' 
Sept  19. 


French  Broad  River.   One  half    mile    above     Hot     L.V.  Branch. 

Springs.  N.C. 

do Alexander, N. C |  E.W.Myers. 

do ; do   '  L.V.Branch. 

do Fanning  Bridge,  North  Caro-     N.C.Curtis.. 

lina.  ! 

do do I do 

do I  Penrose. N.C ! do 

do .'  Near  Carson  Creek,  N.  C j do 

do I  do ' do , 

do Eastatoe  Bridge,  North  Caro-  i do 

lina.  j 

do I do ' do , 

North    Fork    of  '  Two  hundred   yards  above' do 

French    Broad  i     month  of  West  Fork.  North  ,• 
River.  i      Carolina. 

do ! ..  .  .do do. 

Bridge  on  Brevard-Webster  ,' do 

road.  North  Carolina. 

Ford  on  road  between  Tuck-  I do 

er  and  Shoul  cnvks,  North 
Carolina. 
Near  mouth.  North  Carolina . 


F*  ft. 

i9.a-> 

17.  l.> 
lrt.27 

1»J.«5 
19. « 
13.  tt 
13.9 
12.4 

11.21 


do 
do 


do 


f  i  FootbrWge  at   ford  of  uiaiu  I do 

dl      road,  Nijrth  Carolina. 


West  Fork  of 
French  Broad 
River.  1 

do I do j do 

Middle   Fork   of;  Bridge  2l»  yards  above  ford,  I do 

French   Broad'      North  Carolina 
River.  ' 

Bouth     Fork     of 
French    Broa< 
River. 

Ea.«*t  Fork  of  French  :  Near  mouth.  North  craroliiia  i do 

Broad  Rivor.  , 

Tucker  C*reek 'Two   hundred    yards  above' do 

I      mouth.  North  Cnrolitm.  i 

CatheyCreek Ford  or  Brevard- Jeptha  road.  , do 

I      North  Carolina.  ' 

KingCreek .Brevard    n»ad.   North  Caro-    do 

lina.  ! 

Davidson  Ri.'er |  Near  mouth.  North  Carolina do 

do do. I  do 

Little  River i  Three  fourths   mile    above  i do 

I      mouth.  North  Carolina. 

do do ' (h) 

Boy Iston  Creek |  Near  mouth,  North  Carolina  , do 

Mills  River i  Bridgeon  Old  Haywood  rjad,  ,....  do 

North  Carolina.  ' 

do I do do 

Mud  Creek ...   Near  mouth. North  (arolma., d> 

Bridge  on  Westfalls  place do 

North  Carolma.  ' 

Bridge  on  road    from   Mill.s do 

River  to  Asheville,  N.  C.        , 

Asheville,  N.  C do 

do i do 

Biltmore.N.U 1 do 


13.2 
14.  DM 

7.3 
2.20 


Caney  Creek . 
Avery  Creek 


Hominy  Creek 

do 

Swannanoa  River 


10.3 

In.:; 

4.tU 

»5.7 

4.71 

It).  45 
1«.  75 
13.06 

14.35 

5.  :J5 

13.11 

13.4 
5. 1 1 
10.1 

6.56 

15.1 
15.4 

2.91 


MOO 
2,  OjW.  0 
1.161.0 

614.0 
1.160.0 
266.5 
306.5 
113.0 

ne.4 
i«;o.6 


51.8 
H)7.48 

75.0 

11<J.0 

62.0 
77.0 

71.0 

4<;.0 

2?S.«. 

;b).2 

15.46 

151.7 
70.20 

1«2.« 

00. 2 

2M.ti. 

211.  (W 

94.0 

lOH.O 

<:o.  0 

11.31 

uo.o 

24.0 
76.33 
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MiHcellanemis  discharge  nieasiiremeutis  of  French  Broad  River,  etc. — Continue 


Date. 


Sept.  t-H) 
Do... 


Stream. 


Lucality. 


Hyilro^rapher.    jjej^tcS 


Three  miles  ubovo  Swanna- 
I      noa  p<)»t-ottl<.*o,  X.  C. 


N.  C.  Curtia 


Sept.  12  :  Beaver  Dam  Creek 


•-i 


Oct.  30 
Sept.  16 
Ot't.  5IU 
Sept.  12 
Sept.  Irt 

Oct.  30 
Sept.  13 
Oct.  30 
Sept.  11 
Oct.  ai 
Sept.  12 
Sept.  17 
Oct.  30 
Sept.  Itt 
Oct.  30 
Sept.  17 


Oct.  2if 
Sept.  6 

Oct.  31 
Sept.  8 

Sept.  10 
Oct.  31 
Sept.  6 

Oct.  31 

Sept.  8 

Sept.  l.** 
^*ept.  7 

Nov.    1 


North  Fork  of  Swan 
nanoa  River. 

Flat  Creek ,  Two  nilles  below  Black  Mouu-  ! do 

tain  Station,  N.C. 
Fifty   yards   above    mouth, 
North  Ciiroliua. 

do ' do 

Loc-H Creek Olivette.N.C 

—  do do 

Newfound  Creek At  mouth.  North  Carolina.... 

....do Three-fourths     mile     above 

mouth.  North  Carolina. 

Reams  Creek :  At  month,  North  Carolina.... 

do .1 do 

Flat  Creek 1 do 

do I  ...  do 

San  ly  Mush  Creek..    Bailey.  N.  C 


...do 

.-..do 

Turkey  Creek 

.....do 

Big  Ivy  River 

do 


Little  Pino  Creek 

.....do 

Pawpaw  Creek 


An 

do 


E.  W.  Myers  . 

L.  V.  Branch. 
E.  W.  Myers  . 
L.  V.  Branch. 
E.W.  Myers. 
...  do 


L.  V.  Branch 

E.W.  Myers , 

L.V.  Branch | 

E.W.  Myer.» ' 

L.V.Branch j 

E.W.  Myers 

—  do 

L.V.  Branch 

E.W.  Myers 

L.V.Branch 

E.W.Myers 


Walnut  Creek . 

do 

Big  Pine  Creek 

do 

Ijaurel  Creek . . 


bept.  7 


.  I 


do , 

Spring  Creek 
do 

Shutin  Creek 


Black  well  Springs.  N.  C 

do 

One-eighth  mile  below  mouth 

of  Bull  Creek,  North  Caro-  ' 

lina. 

do L.V.  Branch 

One    hundretl    yariis    above    do 

mouth.  North  Carolina. 

do do 

Ouemileabove  month.  North   do 

Carolina. 

At  mouth.  North  Carolina do 

do , do 

One    hundrt*d   yards  above  ' do 

mouth.  North  Carolina.         ; 

do , do 

Two  hundred  yards  above  ' do  

mouth.  North  Carolina.        i 

do ;  E.W.Myers 

Near  Hot  Springs,  N.C ,  L.  V.  Branch 

do do 

do do 


Kert. 
16.07 

4.03 

I 

5.U9  . 

5.08*  I 
11. 15  i 
lO.W  . 
17. 75  I 
10.  IV 

10.41  , 
12.1    • 

17. 43  I 

i».  r.i , 

U.43  ' 

».5;{  I 

7.»7 
8.a>  : 
2.55 


•>  -*» 
5.84 

5.7G 

4.0  ! 

23.24 
2.35  1 

tf.07 

I 

6.01  > 
16. 13  , 

15.77  I 
2.00  , 
2.<f7 
2.61 


MiscelUunou^**  dinchanje  ineusuremcnts  of  yoUchiicky  River  trnd  its  frilmtiiriv 


Datf. 


Stream. 


L«.>culity. 


Hydroj^rapher. 


Ciage 
heigdt 


'    I) 
!cha 


191  Ml. 

Aug.  Si 
Sept.  4 
Aug.  24 
Oct.  17 
July  2 
Aug.  2i> 
0<t.  21 
Oct.  2.') 
Aug.  27 

Do  . 

Do     . 
Aug.  2S 
CK-t.    24 
Aug.  27 

Do. 
Di>.  - . 
Do  . 
Aug.  2i> 

Oct.  21 
Aug.  2(1 
Oct  21 
Aug.  2b 


Nolichucky  River  .  -     Erwin.  Tonn  L.V.Branch. 

do do ' —  do 

Toe  River Near  Huutdalo,  N.  C do 

do , do do    , 


North  Toe  River... 

(to 

do 

do 

...do 

d.) 


Sprncj'iune,  N 

do 

do 

....  do 

Plumtrct',  N.  ('.. 


C... 


H.  A.  Pressey 

L.V.  Branch 

...do 

do 

do 


At  ford  of  Lin  ville -Cranberry   do 

road.  North  Carolina. 

Kentu«'kv    Fork    of     At  mouth.  North  Carolina do 

North  Ten.'  River. 

White  Oak  t'rcek  ...; do d«> 

Horso  Creek , do E.  (t raves... 

...  do 1 do '  L.V.  Branch 

S(iuirrel  Creek j  One  fourth  mile  above  month do 

I      North  Carolina.  ! 

Roaring  Creek ,'  At  mouth.  North  Can»lina <lo 

PluuiTrt'c  Crt.'ck ,  Plumtree,  N.  C i do 

Henstm  Oeek At  mouth.  North  Carolina do   

Threemile  Creek '  Near  old  post-ottlce  at  Elsie do 

I      N.C. 

do do d»> 

BeaverCreek '  Near  Sprucepine,  N.  C (1»> 

do do : do 

Grassy  Creek ,  Sprucepiue.  N.  C ; do 


Jh\rt. 

2i».tJ7 
21.53 
15.  S5» 
16.12 

i^^."20 

1^.  37 

17. 1.} 

7.  .V) 

3.0 

2.  So 


^1 
'    71 

I   :« 
I   :£ 


2.26 
5.55 
5. 15 
3.12 

7.8J» 
2.W 
6  94 
5.*; 

5.:«) 

4.50 
4.29 
5. 21 


I      ^ 
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teellaneomM  discharge  measurements  of  Xolichucky  River^  etc. — Oontinuc^l. 


LocaUty. 


3 
6 

0 
5 


» 


Creek. 


'  V'*  ••• 


30i 
34 

19 

19 

3 

19 

34 

19 
U 
19 
23 

16 
S3 

4 
19 
S3 

4 
2S 

4 
19 
16 
28 


Spmcepine.  N. 

Flatrock,N.C 

do , do 

SnowCreek Winif.N.C 

Crabtree  Creek Ford   of  Bnrnsville-Sprace- 

pine  road,  North  Carolina. 

do do 

Brofh  Creek Lower  ford   of    Bnmsyille- 

Sprucepine     road,    North 

Carolina. 

...  .do , do 

Cane  Creek :  One-half  mile  above  month, 

North  Carolina. 
do do 


.25 

.30 

27 

.31 


26 
.31 


as 

.31 

SB 

.31 

as 

.30 
36 
30 
36 

do 

30 


27 
30 

96 
S4 

3 
17 

1 

18 
1 

18 
1 


Pigeon  Creek... 

.do 

Jack  Creek 

do 

Big  Rock  Creek. 


do 

Pigeon  Boost  Creek. 

....  do 

Hollow  Poplar  Creek 

do 

Sonth  Indian  Creek. 
do 

...  do 

Martin  Creek 

.  ..do 

North  Indian  Creek. 

do 

do 

do 

—  do — 

Rock  Creek 


1    SoQth  Toe  River. 


do 

do 

.do 

do 


do 

Three  Fork  Creek. 


At  mouth,  North  Carolina 

....do 

do 

do 

Foni  of  Hnntdale-Bakersville 

road.  North  Carolina. 

...do 

At  month.  North  Carolina 

....  do 

Ford  of    Erwin-Bakersville 

road,  North  Carolina. 

do 

Near  Er  win,  Tenn 

do 

do 

do 

do 

Erwin.Tenn 

....  do 

do 

...do 

Unicoi,  Tenn 

One    hundred    yards  above 

mouth.  Tenneaaee. 
Ford  of  Micaville-Bpmoepine 

road.  North  CaroAna. 

do 

do 

do 

One  mile  above    mouth   of 

Three  Fork  Creek,  North 

Carolina. 

do 

One-fourth  mile  above  mouth. 


Rock 


I. 


a«|n>  '■    Din- 


Hydrography.   )^{^l\.^%^ 


L.  V.  Branch. 
do 


do 
do 
do 

do 
do 


do 
do 

do 
do 
.do 
do 
do 
do 

.do 

do 

do 

.do 


do 

...do 

do 

E.W. Myers  .... 
L.V.Branch.... 

do 

do 

....do 

B.W.Myers  .... 
L.V.Branch.... 

do 

do 


fWt 
ft.  18 

ars 

8.70 
8.08 
7.97 

7.91 
1.30 


1.51 
9.  SO 

U.28 
ft.M 
ft.  86 
6.09 
6.10 

•>  A9 

S.64 
7.30 

7.47 
H.15 

8.96 

ft.:i8 

ft.  49 
ft.  40 
l.M 
1.68 
8.96 
4.19 
4.06 
4.18 
4.ftH 
3.09 


H.A.PreHsey 

L.  V.  Branch . 
do 


do 
do 


do 
do 


do 

.do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


!• 


I- 


North  Carolina. 
Creek i  Ford     of     Micaville-Marion 

road,  North  Carolina. 

...  do j do 

Middle  Creek I do 

—  do do 

Colbert  Creek do 

— do do 

Locufit  Creek At  mouth.  North  Carolina. . . 

.  ..do I do 

Whiteoak  Creek do 

do I do 

BrownCreek Ford  of  Micaville-Marion 

road.  North  Carolina. 

— do do 

Little  Crabtree    Just  above  low«>r  ford  of  Mi- 
Creek.  cavillcHSprucepine    road. 

North  Carolina.  i 

...  do do 

Cane  Branch Ford   of    Micaville-Marion 

road.  North  Carolina. 

— do ; do 

Caney  River Hontdale,  N.  C 

...  do do 

do do 

— do Near    Big     Tom 

North  C^olina. 

— do , do .....do 

ElkForkCreek do do 

—  do do j do 

Ckttafl  Branch N«ar  BonunTe.  N.  C I do 

....'Jo do.... i do 


...do 
.  - .  do 


Wihion's.  I. 


.do 
-do 

do 
do 
do 
do 
do 


H.OH 
7.9H 
7.23 
4.34 


3.3r) 
1.49 

1.96 

l.tVi 
3.94 
3.64 
3.87 
3.60 
1.9H 
1.87 
4.66 
4.28 
3.rK! 

2.86 
4.2H 


4.23 
3.92 

3.78 
3.69 
3.82 
A.Ki 
i:& 

\.M 
1.24 
t2S 
1L» 
2.M 


9.11 
4.67 
a78 
2.0 
1ft.  9 

U.ftft 
4.37 


.7S 
11.78 

9.  OS 
1.6ft 
1.96 
8.71 
6.83 
51.3 

24.  ft 

14.  ft 
4.18 
ft.  98 

2.61 
ft2.3 
33. 2 
ft:i.O 

7.fi6 

6.4ft 
ftl.O 
22.0 
29.7 
26.18 
:I7.9 

6.37 

220.8 

79.8 
86.28 
;S2.9 
26.0 


101.0 
9.49 

6.92 

28.68 
3.78 
9.20 
2.61 
7.24 
3.83 
7.96 
4.40 

19.88 
4.94 


9 
17 


43 
64 


21  67 
2.tti 

8.rj0 

89.9 
62.77 
M3 
17.11 

13.9 
4.78 

\.m 

1L77 

4.m 


IRR  49—01 


.^ 
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M%9ceUaneou8  discharge  mecuuremenls  of  Nolichvjcky  River,  etc. — Gontinaed. 


Date. 


1900. 
Sept.  1 
Oct.  18 
Sept.  2 
Oct.  18 
Kept.  2 
Oct.  18 
Sept.  ;i 

Oct.  ir 
Sept.  3 

Oct.  17 
Bept.  2 
Oct.  17 


Stream. 


Bowlen  Creek 

do 

Price  Creek 

do 

Bald  Creek 

do 

Elk  Shoal  Creek 

Bald  Mountain 
Creek. 

do 

Little  Bald  Moun- 
tain Creek. 

do 

Big  Creek 

.....do 


Locality. 


Hydrographer. 


Near  Burnoville,  N.C. 
do 


.do 
do 
do 
do 


L.V.  Branch, 
do 


At  mouth.  Nurth  Carolina 

One  mile  above  mouth,  North 

Carolina. 
do 


.do 

.do 

do 

do 

do 

.do 

.do 


At  mouth.  North  Carolina i do 


.do 
do 
do 


.do 
.do 
.do 


Gaffe 

height. 


F^et. 
5.03 
i.97 
2.48 
2.68 
4.50 
4.56 
1.63 
3.48 

3.55 
4.91 

4.90 
2.83 
2.89 


Di 
chai 


.See 


J 


MUiceUaneous  discharge  measurements  of  South  Fork  of  Holston  River  and 

tributaries. 


Date. 


1900. 
July  23 

Oct.    3 
inly  28 

Oct.    3 
July  28 


Oct. 

3 

July 

27 

Oi't. 

1 

July 

37 

Oct. 

1 

July  27 

Oct. 

1 

July 

27 

Oct. 

July 

27 

Dot 

•> 

July 

27 

Oct. 

•> 

July 

27 

Oct.     2 
July  2H 

Oct.     2 
July  2s 

Oct.     :* 
July  2t) 

Do... 


Do.- 
Do.. 
Oct.  2 
July  28 
Oct  a 
July  23 
Sept.  27 
Jwly  21 
Hept.2r 
July  21 

July  23 
Bept.  27 
July  21 

Sept.  27 


Stream. 


South  Fork  of  Hol- 
ston River. 

do 

.....do  


do 
.do 


do 

do 

do 

Jim  Scot  Branch  . 

do , 

Pomer  Creek 

do 

Hogtrouf^h  Creek . 


do 

St.  Clair  Creek. 

do 

Grose  Creek... 

do , 

Mill  Creek 


Locality. 


Hydrographer. 


L.  V.  Branch . . . 


E.  W.  Myers. 
do 


.....do 

Rush  Creek 


do 


Below  mouth  of  Middle  Fork, 
Virginia. 

do . 

Below  mouth  of  Laurel  Fork« 
Virginia. 

do 

Above  mouth  of  Laurel  Fork, 
Virginia. 

do 

Rye  Valley,  Virginia 

do 

At  mouth,  Virginia 

do 

do 

....  do 

Lower  ford  of  main  road,  Vir- 
ginia. 

do 

At  mouth.  Virginia ! do 

do I do 

do I  L.V.  Branch 

do 

Que  mile  above  mouth,  Vir- 
ginia. 

—  do 

Ford  im)  yards  above  mouth, 
Virginia.  , 

do I  E.  W.Myers 


Gage 
height. 


'    Dl 
chai 


.do 
.do 

.do 
.do. 
.do 
.do 
do 
.do 
-do 
.do 

.do 


3.06  i  sa 


8.21 
2.60 

aa9 

1.51 


I 


6.96 


2.1 

mm.  mmV 

.87 


.do 


E.  W.  Myers  . 
L.V.  Branch. 


'  Laurel  Fork  of  Hoi-     One-halt  mile  l>elow  Damas-  ,  L.V.  Branch... 


6.76 
5.M 
3.8t=t 

(a) 
4.32 

4.43 
3.G3 


I 


ston  River, 
do 
.do 


.do 


Atcheson  Creek 

White  Top  Creek.... 

do 

Beaver  Dam  Creek . . 

do 

Fif teenmile  Creek  . . 

....do 

Denton  Valley  Creek 

do 

Wolf  Creek 


do 

do , 

Spring  Creek 


.do 


cus,  Va. 

do :  E.W.Myers. 

Near  L.aurel  bloomery.  Ten-  ' do 

uessee. 

One-half  milo  above  Laurel  i do 

bloomery,  Tennessee. 

do 

do 

do 

do 

do 

L.  V.  Branch 


Near  head  of  Laurel,  Tenn  . . 

At  mouth.  Virginia 

...do 

Damascus,  Va 

...do 

At  mouth.  Virginia 

...do E.W.Myers 

do 1  L.V.  Branch 

...do !  E.W.Myers 

Lower  ford  of  main  r»»:id  uji  | do 

the  river,  Virjfinia. 

do L.V.  Branch 

....do E.W.Myers 

One  mile  above  mouth.  Vir-     L.  V.  Branch 

gin  la. 
....do E.W.Myers 


4.61 
,M2 

2.06 

L82 
5.47 
5.72 

ii.:« 

12.26 
4.45 
4.23 
5.73 
5.78 
2.35 

2.36 

2.21 

.90 


I 


IK 


in 

1(K 

41 
9 


I 
< 


3.56      35 


8 
6 


Ut 

S 

IJ: 


1 

i; 


a  Almost  dry. 
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leous  discharge  measurements  ofSotith  Fork  ofHolsion  River,  etc — Ck)nt'd. 


BtreaxxL 


aoobe  Creek... 

...do 

harp  Creek — 

...do 

JahdAin  Creek. 

...do 

onah  Creek 

-.do 

liddle  Creek... 

...do 

Iiomas  Creek. . 


Inking  Creek. 

..do 

..do 


Locality. 


At  month,  Tennessee 
do 


do 

do 

do 

do 

.....do 
.....do 
.....do 
.....do 
Below 


railroad  bridge,  Ten- 
nesitee. 

At  month,  Tennessee 

....do 

One- half  mile  above  Paper- 
ville,  Tenn. 

latcher  Creek '  One-half  mile  above  month, 

Tennessee. 

Five  miles  above  month.  Vir- 
ginia. 

...do 

Sevenmile  ford,  Virginia 


Uddle  Holston. 


..do 

Uddle  Fork  of  Hols- 
ton River. 
...do 


..do 

ear  Creek 

...do 

taleys  Creek 

[nngrv     Mother 
Creek. 

..do 

jrars  Creek 

..do 

Talker  Creek 


..do 

Inttons  Branch. 

..do 

[alls  Creek 

edar  Creek 

logthief  Creek.. 


...do 


Above  month  of  Bear  Creek, 
Virginia. 

do 

At  mouth,  Virginia 

do 

Marion,  Va 

Ford  of  main  road  from  Ma- 
rion, Va. 

do 

At  month,  Virginia 

do 

Fifty  yards  above  mouth, 
Virginia. 

do 

At  month,  Virginia 

do 

do 

do 

One-half  mile  above  mouth, 
Virginia. 

do 


Hydrographer. 


L.  V.  Branch. 
E.  W.  Myers . 

do 

.  ..  do 

do 

L.V.  Branch. 

do 

E.  W.  Myers . 
do 


do 
.do 


do 

.....do 

L.V.Branch. 

E.  W.  Myers 

.....do 


do 

L.V.  Branch. 

....do 


do 

do 

E.  W.  Myers. 
L.V.  Branch. 
do 


E.  W.  Myers . 

L.V.  Branch. 

E.  W.  Myers. 

do 


E.  W.  Myers 


Gaffe  ,    Dla- 
height. 'Charge. 


do 

L.V.  Branch 

E.  W.  Myers 

do 

do 

L.V.  Branch 


Feti. 
9.1 


6.86 

6.88 

6.26 

6.» 

11.06 

U.42 

12.19 

1L18 


4.92 
4.42 

ae 

6.92 

6.96 

6.21 
13.00 

6.23 


Sec. -/If. 
2.07 
2.0 
Lltf 
1.19 
6.86 
2.47 
4.0 
4.0 
2.0 
8.0 
2.46 

11.0 
9.09 
d.4H 

0.34 

172.0 

100.0 
71.23 

18.0 


7.69 

11.0 

6.99 

2.01 

6.911 

8.0 

9.26 

14.38 

1.18 

2.46 

1.17 

2.86 

1.62 

4.0 

1.68 

2.24 

4.90 

8.0 

4.80 

».0 

4.46 

6.0 

4.43 

5.0 

1.73 

17.36 

3.42 

5.0 

5.0 

5.0 


aneouH  discharge  vieasureinents  of  Watauga  River  and  its  tributaries. 


Tatauga  River. 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 


Wa- 


..do 

oone  Fork  of 
tauga  River. 

.-do 

[oodyMiU  Creek... 
anrel  Creek  (up- 
per). 

...do 

ntch  Creek 

..do 

ove  Creek 

..do 


Elizabeth  ton,  Tenn . 

do 

do 

do 

do 

do 

do 

Watauga  Falls.  N.C 

do  

do 

One  mile  above  Shull's  mill. 
North  Carolina. 

do 

Shuirs  mill.  North  Carolina. . 


do 


At  mouth,  North  Carolina. 
do 


do 

Valle  Cruces,  N.  C 

do 

At  mouth.  North  Carolina... 
do 


Hydrographer.    '  ^*^\ 


E.  W.  Myers  .. 
L.V.  Branch... 

...do 

E  W.  Myers... 
L.V.  Branch... 
E.  W.  Myers... 
Ernest  Graves. 
N.  C.  Curtis... 
L.V.  Branch  .. 
E.  W.  Myers... 
L.V.  Branch... 


E.  W.  Myers 
L.V.  Branch. 

E.  W.  Myers. 

L.V.  Branch. 

do 


E.  W.  Myers. 
L.V.  Branch. 
E.  W.  Myers. 
L.V.  Branch. 
E.  W.  Myers. 


Feet. 
15.87 
15.77 
16.08 
16.03 
15.27 
15.68 
15.22 


6.62 
6.52 
4.U5 

3.78 
2.3 

2.11 

3.2 

2.62 

2.87 
7.42 

i.oi 

5.24 
5.15 


Dis- 
charge. 


Sec.'/t. 

450.0 

.503.0 

403.0 

348.0 

993.0 

533.0 

973.0 

79.0 

53.0 

Oii.O 

19.0 

23.0 
12.0 

13.0 

4.0 

10.0 

6.0 
11.0 

6.0 
12.0 
14.0 
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NO 


Miscellaneotis  discharge  meaaurenienta  of  Watauga  River,  etc — CoDtinned. 


Date. 


1900. 
Aug.  12 

Do... 

Do... 
Oct.  18 
Aog.  10 
Oct.  7 
Aug.  9 
Oct.  6 
Aog.   9 

Oct.  6 

Aug.  9 

Oct.  6 

Aog.  9 

Aug.   6 

Aug.  11 

Oct.  8 
Aug.  12 

Oct.     8 

Aug.   8 
Do... 

Jnly  30 

Aug.  13 

Do... 

July  39 

Aug.  13 

jufi^ao 

Aug.  13 
Oct.  9 
Aug.  13 

Aug.    3 

Oct.  5 
Dec.  31 
Aug.  Z 
Aug.  17 
Oct.  5 
Dec.  31 
Aug.  3 
Aug.  18 
Oct.  5 
Aug.  3 

Do... 
Do.. 

Do... 
Oct.     .5 
Dec.  29 
Aug.    3 


Stream. 


Aug. 

17 

Oct. 

5 

Dec. 

29 

Aug. 

•> 

(Jet. 

i 

Aug. 

3 

Oct. 

4 

Aug. 

3 

Oct. 

4 

July  19 

Aug. 

16 

Sept.  'Zi 

Cove  Creek. 


Brushy  Fork  of  Cove 
Creek. 

Rockhouse  Creek — 
do 

Laurel  Creek  (lower) 
do 

Beaver  Dam  Creek. . 
do 

Beech  Creek 


do 

Fogey  Creek. 

do 

Big  Dry  Run 

Elk  Creek.... 


South  Fork  of  Elk 

Creek. 

do 

North  Fork  of  Elk 

Creek. 

do 

Cranberry  Creek 

Blevins  Creek 

Little  Elk  Creek 

Dark  Ridge  Creek.  . 

Roan  Creek 


do 

Forge  Creek. 
Town  Creek . 


do 

Mill  Creek 
Doe  Creek. 

do , 

do 

do , 


Stony  Creek. 


.....do 

do 

Doe  River. 

do 

.....do 

.....do 

.....do 

.....do 

do 

do 


Shell  Creek... 
Wilson  Creek 


Little  Doe  River 

do 

do 

Laurel  Fork  of  Doe 
River. 

do 

do 

do 

Gap  Creek 

do 

Buffalo  Creek 

do 

Sinking  Creek 


Locality. 


-•I- 


...  .do , 

Brush  Creek 

do 

do 


Above  month  of  Brushy  Fork , 

North  Carolina. 
At  mouth,  North  Carolina 

do 

...do 

.....do 

...do 

Near  Leander.  N.  C 

....do 

Above  mouth  of  Fogey  Creek, 
North  Carolina. 

...do 

At  mouth,  North  Carolina 

...do 

One-eighth  mile  above  mouth, 
Norui  Carolina. 

One-half  mile  below  mouth 
of  the  Little  Elk.  Tennessee. 

At  Banners  Elk,  North  Caro- 
lina. 

...do 

do 


Hydrographer. 


L.V.  Branch. 
do , 


Gase 
tiei^t 


do 

E.  W.  Myers.... 
L.V.  Branch.... 
E.  W.  Myers.... 
L.V.  Branch... 
E.  W.  Myers.... 
L.V.  Branch 


E.  W.  Myers. 
L.V.  Branch. 
E.  W.  Myers. 
L.V.  Branch. 


do 

Cranberry,  N.  C 

...do 

At  mouth.  North  Carolina 

One-half  mile  above  mouth, 
Tennessee. 

Above  mouth  of  Mill  Creek, 
Tennessee. 

Key  Station.  Tenn 

Near  mouth,  Tennessee 

At  Shoun  crossroads,  Ten- 
nessee. 

....  do 

At  mouth  Tennessee 

Mouth  of  Doe  (town). Tenn... 

...do 

...do 

Ivysprlng  post-office.  Ten- 
nessee. 

One-half  mile  above  mouth, 
Tennessee. 

do 

...do 

Above  Elizabothton,  Tenn 

...do 

...do 

...do 

Near  Allontown,  Tenn 

..-.do 

...do 

Two  miles  below  Rotiu  Moun- 
tain, Tennessee. 

At  mouth,  Tennessee 

One  mile  above  mouth,  Ten- 
ne88<?e. 

Allentown,  Tenn 

...do 


do 
do 


E.  W.  Myers. 
L.  V.  Branch. 

E.  W.  Myers. 
L.V.  Branch. 

do 

do 

do 


E.  W.  Myers. 

*L.  V.  Branch. 

do 

do 


do 

E.  W.  Myers. 

do - 

L.  V.  Branch 
E.  W.  Myers. 
L.  V.  Branch. 


do 


...do 
...do 


do 
do 

do 
do 
do 


At  mouth,  Tennessee 

do 

do 

..--do 

Lower  ford  of  Johnson  City  - 
Elizabethton  road,  Tennes- 
see. 

do 

Near  Carter,  Tenn 

do 

....do 


...do 

E.  W.  Myers... 

do 

L.  V.  Branch  ... 


do 

E.  W.  Myers. 

do 

L.  V.  Branch 
E.  W.  Myers. 
L.  V.  Branch 
E.  W.  Myers. 
L.  V.  Branch. 


E.  W.  Myers.. 
L.V  Branch. - 

...-  do 

E.  W.  My.rs  - 


Di 

tlcha: 


E.  W.  Myers 

Ernest  Graves-. 
L.  V.  Branch  .... 

...do 

E.  W.  Myers..-. 
Ernest  Graves.. 

L.  V.  Branch 

-..do 

E.  W.  Myers 

L.V.Branch 


Feet.  ,Sec 
4.31  '     t 

S.06  I 

2.17       1 

■*5.*6' 


5.7    I 
2.94  ' 
3.  OS 
1.55 

7.21 

11.98  ' 

11.8S 
5.81 

5.64 
0>.95 
8.(0 
1.2 
4.65  , 

5.7 

4.85 
4.53  i 
3.48 

3.83 
9.48 
6.  S3 
5.49 
5.48 
5.1H 

8.1*5 

7.59 
4.60 
5.W 
8.31) 
6.33 
r».23 
5.5«l 
5.81 
5.K5 
8.48 


3.35 
3.87 

4.43 

4.78 
4.30 
5.19 

5.50 
5.67 
.5.CI6 
4.  Of) 
4.13 
5.85 
5.93 
3.73 


3.75 
8.77 
8.82 
8.94 


1 
•> 


4 

1 
4 

14 

10 

311 
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meaus  discharge  mecisurements  of  tributariea  of  Tennessee  River  above 

Hiwassee  River, 


Stream. 


TelUcoRirer 

Cue  Creek 

Ball  Play  Creek 

Citico  Creek 

....do 

Ifnlberry  Creek 

Little  Tennessee 
Rirer. 

...do 

\brams  Creek 

...do 

aeese  Creek 

Big  SprinK  Creek 


Locality. 


Tellico  Plains,  Tenn 

Belltown,  Tenn 

Tariff Tille,  Tenn 

Lillian,  Tenn 

do 

Ipe.Tenn 

Chilhowee,  Tenn  ... 


^ear  Prong  of  Little  I do 

RiTer 


....do 

....do 

...do 

Millers,  Tenn 

Tnckaleechee  Cove,  Tenn. 


)faln  Prong  of  Lit- 
tle River. 

....do 

(balden  Creek 

...do 

Little  Cove  Creek . . . 

^est  Fork  of  Little 
Piffeon  River. 

...ao 

...do 

Sast  Fork  of  Little 
Pigeon  River. 

ifiddle  Creek 

Bird  Creek -.... 

...do 

)f  iddle  Pork  of  Lit- 
tle Pigeon  River. 

...do 

Sast  Fork  of  Little 
Pigeon  River. 

3oeby  Creek 

...do 

3ig  Pigeon  River 


.do. 
do. 


Henderson  Springs,  Tenn. 

— do 

...do 

....do 


Sevierville,  Tenn 

do 

do 


...  do 

Bird  Creek,  Tenn. 

do 

Richison,  Tenn — 


do 

East  Fork,  Tenn. 


do 

Cosby,  Tenn. 
Bison,  Tenn 
do 


Hydrographer.   u£|^ 


r 


o. 


p.  HaU 
.do.... 
.do.... 

do.... 

do.... 
.do..-. 
-do.... 


.do 
.do 
do 
.do 
.do 
.do 

.do 


.do., 
.do.. 
.do., 
.do.. 
.do.. 


.do 
.do 
.do 

.do 

.do 

do 

do 

.do 
.do 

do 

do 

.do 

do 


8ec.-ft. 

82.0 

2.0 

2.9 

17.2 

15.8 

6.5 

1.761.0 

2,115.0 

40.2 

85.2 

4.8 

4.8 

SO.  6 

02.6 

112.6 

26.1 

6.2 

2.6 

05.2 

88.0 

51.6 

178.4 

1.0 

8.0 

1.5 

126.8 

68.9 
10.8 

0.1 
23.6 
27.4 

453.8 


laneous  diseharge  measurements  of  Hiuxissee  River  and  its  trUnUaries, 


Stream. 


Locality. 


Hydrographer.   x?5|rt.iclSr% 


^boestoe  Creek . 


s'ottelv  River 

!ievel  Land  Creek. 

Jtink  Creek 

Town  Creek 

Lrqnqnah  Creek .. 

^olf  Creek 

)ntternnt  Creek .. 

3ooea  Creek 

iJottely  River 

f  onng  Cone  Creek 

vj  Log  Creek 

?amp  Creek 

?fofctely  River 

ICoccaain  Creek  ... 

tepier  Creek 

JJottely  River 

irasstown  Creek.. 
Ix>ng  Bnllet  Creek 

3og  Creek 

Sen  Creek 

Biwassee  River  ... 
kataway  Creek ... 
Biehtower  Creek  . 

F'odder  Creek 

3w1  Creek 

Hill  Creek 

Centers  Creek. 


Eligh  Shoals  Creek 


1 

........ 

1.60 

'"1.40 

Choestoe,  Ga W.  E.  Hall  and 

H.  G.  Stokes. 

do do 

do do 

Caldwell,  Ga do 

do do 

do do 

do do 

Blairsville,  Ga do 

Coosa  Creek,  Georgia do 

Blairsville,  Ga do 

Near  mouth,  Georgia do 

Ivy  IjOg,  Ga do 

Camp  Crock,  Georgia  do 

Thompson's  bridge,  Georgia do 

Ivy  Log,  Ga do 

Ranger,  N.  C — do 

do do 

Brasstown,  Ga do 

Twine,  N.C do 

Hiwassoe,  Ga do 

do do 

....do do 

Visage,  Ga do 

Osbom.  Ga do 

Hiwassee,  Ga do 

do do 

..  .  do do 

Mountain  Scene,  Ga do 

— do \ do 


Feet. 


Sec- ft. 
if.  3 


1.40 


.V 


:\ 


46.8 
20.5 
22.8 
55.6 
18.8 
»>.0 
20.3 
99.6 

506.1 
81.8 
82.7 
13.7 

4«2.0 
12.8 
22.0 

600.4 
04.4 
11.0 
15.0 
20.6 

387.8 
8.2 
73.0 
10.0 
12.8 
22.8 
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Miscellaneous  discharge  measurements  of  Hitcassee  River ^  etc — Continued. 


Date. 


1900. 
Aug.  17 
Sept.  4 

Sept.  4 
AoK.  18 

Do!!.' 
Sept.  3 


Stream 


LostCreeh 

do 

Ellis  Creek 

Spring  Creek 

do 

Childers  Creek... 

Spring  Creek 

Conasauga  Creek . 
do 


Locality. 


Near  Reliance,  Tenn  . 

do 

do 

At  mouth,  TenneKsee. 

do 

Near  Reliance.  Tenn  . 

Springtown,  Tenn 

Mecca,  Teun 

Near  Jalapa.  Tenn  . . . 


Hydrograpber. 


O.  P.  Hall 
...do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 


Dif- 
chars» 


i.i 
0.5 
2.0 

4.S 

d.S 

4.0 

25.0 

a).2 


Miscellaneous  discharge  measureinents  of  Toccoa  {0koee)O'  River  and  its  tribuiarin. 


Dato 


1900.     , 
July  19  1 

Do.    ! 
Do... 
Do...' 
Do    . 

July  a)  ! 
Do..  , 
Do  . 

July  Z\ 

Do  !. 
July  'Z\ 

Do." 
Do.. 


Stream. 


Weavers  Creek . 


Starr  Cret»k 

German  Creek 

WiUcots  Creek 

Persimmon  Creek.  . 

Toccoa  River 

Noontootly  Creek . . . 

Big  Creek 

Skeinah  Creek 


Locality. 


GEORGIA. 


Near  Blueridge 


Near  Morganton. 

do 

Near  Wilscots  . . 


Dial 

Near  mouth 

Three  miles  from  Noontootly  Creek . 

One  mile  alx)ve  mouth 

Rock  Creek |  Near  month 

Coopers  Creek j  One  mile  above  mouth 

Toccoa  River Gaddistown 

Suches  Creek Near  Gaddistown 

Mill  Creek ,  One  mile  above  mouth 

Toccoa  River I  One-half  mile  above  Mill  Creek 


TENNESSEE. 


At  montli 


Hydrographer. 


W.  E. 
H.  G. 

do 

do 

do 

-...do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


Hall  and 
Stokes. 


O  P  Hall 
....do.... 


Aug.  \U     Hylco  Creek 

Do.  .    Greasy  Creek i do 

Aug.  l*i     Okooe     (Toccoa)     Parksville i do 

River.                       i 
Bakers  Creek  , do I do 


Do. 
Sept.  4  '  Greasy  Creek . . 
Sei)t.  .'>  I  Okf.)ee     (Toccoa  • 
'      River. 


Above  mouth  of  Rock  Creek do 

Parksville do 


'    Dis- 
charge. 


Sec  ft. 

lao 
\u 

13.0 

aio 

H.0 

1:98.0 
52.0 
lil 
4dO 

i(eo 

1(0.0 
27.0 
22.0 

19. « 


3.^ 
11.3 

4.<i 
5.1 


<i  After  entering  Tenne.ssee  tb«'  Toccoa  i.s  known  a.s  ()kooe  River. 


OLENTANCJY   RIVER   AT   COLUMBUS,    OHIO. 

Tliis  Station  was  establishcMl  NoveiulKM*  '22,  18!)8,  at  the  Fifth  ave- 
nue bridge,  Columbus.  It  is  described  in  Water-Supply  Paper  No 
3<»,  i)age  175.  The  obscn'vations  of  river  lieights  are  made  under  th* 
general  direction  of  Prof.  C.  N.  lirown,  of  the  Ohio  Statv  University 
Recjords  of  measurements  for  lS!i!>  will  be  found  in  the  Twenty-firj^ 
Annual  Report,  Part  IV,  page  lO'J.  A  numlxM*  of  measurements  mad< 
in  the  latter  part  of  1801)  were  not  publishc^d  in  tlie  foregoing  reports 
and  they,  together  witli  a  measurement  made  on  Mareh  8,  1000,  art 
given  in  the  following  list: 

October  13,  1899:  Gage  height.  1  foot:  discharge,  T  secoud-feet. 
October  13,  1899:  Gage  heiprht,  1  foot;  discharge,  7  second-feet. 
Octoben  14,  1899:  Gage  height,  1  foot:  discharge,  7  second- feet. 


OHIO. 
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r  20,  1899:  Gage  height,  1  foot;  discharge,  7  second-feet, 
ber  17, 1899:  Gage  height,  1.20  feet;  discharge,  44  second-feet. 
t>er  2, 1899:  Gage  height,  1.10  feet;  discharge,  15  second-feet. 
8,  1900:  Gage  height,  5.42  feet:  discharge,  6,089  second-feet. 

re  Jieight,  in  feet ^  of  Olentangy  River  at  Columbus^  Ohio,  for  1900, 


Jan. 

Feb. 

Mar. 

Apr. 

May. 
1.40 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.80 

1.80 

2.90 

3.25 

1.50 

1. 10 

1.35 

1.60 

1.00 

1.00 

1.70 

1.80 

1.80 

2.80 

2.60 

1.40 

1.90 

1.10 

1.30 

1.00 

1.00 

1.00 

1.50 

1.80 

1.80 

2.80 

2.a5 

1.40 

1.90 

!.10 

1.20 

1.45 

1.00 

1.00 

1.30 

1.80 

1.80 

2.80 

2.16 

1.40 

1.90 

1.10 

1.10 

1.30 

1.00 

1.00 

1.2S 

1.80 

1.80 

2.90 

1.90 

1.40 

1.60 

1.10 

1.10 

1.30 

1.00 

1.00 

1.20 

1.80 

1.80 

5.55 

1.75 

1.3f) 

1.40 

1.10 

1.10 

1.10 

1  00 

1.00 

1.20 

1.80 

1.70 

ft.  90 

1.60 

1.30 

1.35 

1.10 

1.10 

1.00 

1.00 

1.00 

i.ao 

1.80 

2.15 

4.75 

1.30 

1.30 

1.30 

1.10 

1.10 

1.00 

1.00 

1.00 

1.3U 

1.80 

3.85 

3.65 

1.30 

1.35 

1.30 

1.10 

1.10 

1.00 

1.00 

1.00 

1.30 

1.80 

3.10 

3.15 

1.35 

1.20 

1.30 

1.10 

1.10 

1.00 

1.00 

1.00 

1.31 

1.80 

2.15 

2.80 

1.40 

1.20 

1.30 

1.10 

1.10 

1.00 

1.00 

1.00 

1.31 

2.35 

1.85 

2.«5 

1  40 

1.20 

1.30 

1.10 

1.10 

1.00 

1.00 

1.00 

1.31 

3.10 

3.45 

2.15 

1.50 

1.30 

1.30 

1.10 

1.00 

1.00 

1.00 

1.00 

1.30 

3.50 

3.90 

1.95 

1.50 

1.20 

1.30 

1.10 

1.00 

1.00 

1.00 

1.00 

1.60 

2.K 

3.00 

1.75 

1.50 

1.20 

1.30 

1.10 

1.00 

1.00 

1.00 

1.00 

l.UO 

2.50 

1.90 

1.60 

1.50 

1.30 

1.45 

1.10 

1.00 

1.00 

1.00 

1.00 

1.60 

2.85 

1.80 

1.60 

1.55 

1.30 

1.60 

1.10 

1.00 

1.00 

1  00 

1.00 

1.60 

2.55 

1.80 

1.60 

2.3l> 

1.30 

l.:» 

LIO 

l.OO 

l.tt) 

1.00 

l.(H) 

1.56 

2.20 

1.80 

1.60 

2.90 

1.30 

1.20 

1.30 

1.00 

1.00 

1.00 

1.00 

1.30 

3.40 

1.80 

1.60 

2.30 

1.20 

1.10 

1.25 

i.a5 

1.00 

1.00 

l.OO 

1.30 

4.00 

1.80 

1.60 

1.90 

1.30 

1. 10 

1.10 

l.iH)] 

1.00 

1.00 

l.<i5 

1.30 

3.20 

2.40 

1.60 

3.6S 

1.20 

1.10 

1.00 

1.30 

1.00 

1.00 

1.10 

1.20 

2.40 

3.30 

l.flO 

3.a5 

1.20 

1.10 

l.OJ) 

1.20 

1.00 

1.10 

1.10 

1.20 

1.95 

3.55 

1.60 

3.05 

1.30 

1.30 

1.00 

2.15 

1.00 

1.05 

1.30 

1.20 

1.8J) 

1.80 

1.60 

2.60 

1.20 

1.30 

1.05 

1.80 

1.00 

1.00 

1.80 

1.30 

1.80 

1.8r) 

1.60 

2.06 

1.20 

1.20 

1.30 

1.70 

1.00 

1.00 

2.35 

1.20 

1.80 

1.80 

1.60 

1.80 

1.20 

1.30 

1.40 

2.90 

1.00 

1.00 

2.65 

1.20 

1.80 

2.50 

1.60 

1.50 

1.20 

1.30 

1.90 

3.20 

1.00 

1.00 

2.20 

1.20 

1.80 

1.60 

1.40 

1.30 

1.30 

1.80 

3.00 

1.10 

1.00 

1.80 

1.20 

1.80 

1.60 

1.40 

1.30 

1.35 

1.70 

2.30 

1.00 

1.00 

1.70 

1.20 

1.80 

1.70 

1.35 

1.65 

1.85 

1.00 

1.20 

SCIOTO    RIVER   AT   COLUMBUS,  OHIO. 

ion  Wfis  established  November  22,  1898,  at  the  Grandview 
dge,  Cohimbiis.  It  is  described  in  Water-Supply  Paper 
ge  17(i.  The  observations  are  made  under  the  general 
:  Prof.  C.  N.  Brown,  of  the  Ohio  State  University.  Meas- 
5r  the  year  1890  will  be  found  in  the  Twenty-first  Annual 
rt  IV,  page  170.  A  number  of  measurements  made  in  the 
of  1899  were  not  published  in  the  foregoing  reports,  and 
fier  with  the  measurements  made  in  1900,  are  given  in  the 
ible: 

■scharge  m^amireinents  of  Scioto  River  at  Columbtut,  Ohio. 


h?iX    D>«""^«^- 


Feet. 

Sec.-ft. 

9.10 

14 

9.10 

13 

9.30 

14 

9.30 

33 

9.30 

37 

Date. 


Gage 
;  height. 


---i 


Dec.  2, 1899. 
Jan.  Id,  1900 
Feb.  15, 1900 
Mar.  7, 1900 


Feet. 

9.40 

11.90 

12.90 

17.87 


Dl8<;harge. 


Sec  ft. 
43 

i,:i2S 

2,391 

8,581 
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Dailg  gage  height,  in  feet,  of  Seioto  Eiver  at  Colundma,  Ohio,  for  ISOO. 

IT.   {  UftJ 


0  15 

il  9) 

P«l 

u  ^ 

M  t"l 

II4A 

BK 

IK 



B.6U 

e.tt) 

HAUMEE   RIVER  KEAK  WATEHVILLE,  OHIO. 
This  Station  was  cstwblisheii  on  Novemlwr  1!),  189H,  by  H.  A.  P 
seyand  IJ.  IT.  FIj-tjh,     It  is  located  at  tlnliighwrty  biidni'  near  Wh 
vilie,  the  gagi]igsl(t-iiig[iiitili-  uiithc  ilownsirf.iim  .siilo.     Il  is  deseri 
in  Water-Supply  Piipir  Xi..  :iii.  pajfcs  17S  and  171*,  where  will  alsi 
foiiitd  the  results  of  the  diacharse  ineaHureiuents  made  during  l! 
During  1000  tlio  following'  infasurnn.'ii  >;  were  mad.'  I)y  B.  H.  Fly 
July  2R:  Gage  height,  ;i.3<i  feet;  disi-h^irge,  2.14.T  secoud-fet-t. 
November  24:  Gage  height,  -1.8.)  feet;  discharge.  0.7J>4  w-coud-fect. 
Daily  .jit-jK  hcUjht,  infect,  •>/  Maaiiui.  Hiiir  ninr  niitirrilk.  <)hii;f-r  l:-'. 
I  F,-b,     Msr.  j  A^r.    Mny.  ..luiii-.  |  July/ Aur.    Si-|it. .  <K-t.  j  Nov. 


I    E.Su  I  b.S 

i.xi !  s.» 

X.AI  .  5.411 

K.ai ,  s.»i 


OHIO. 
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SANDUSKY   RIVER  NEAR  MEXICO,  OHIO. 

station  was  established  November  17,  1898,  at  the  highway 
Dear  Mexico,  about  40  miles  above  Fremont,  Ohio.  It  »?as 
aed  November  17,  1900.  Only  one  measurement  was  made  in 
len,  at  a  gage  height  of  5. 40  feet,  the  discharge  was  1,386  second- 
>Tiring  1900  the  following  measurements  were  made  by  B.  H. 

y  25:  Gage  height,  1.75  feet;  discharge,  138  Beoond-feet. 
vember  22:  Gkige  height,  1.80  feet;  discharge,  225  second-feet     ^ 

f  gage  height,  in  feet,  of  Sandusky  River  near  Mexico^  Ohio,  for  1900. 


Jan. 

Feb. 

Mar 

Apr. 

May. 

June. 

Jaly. 

Aug. 

Sept. 

Oct 

Not. 

1.5 

2.0 

4.4 

3.2 

1.9 

1.9 

1.6 

2.0 

1.7 

1.3 

0.9 

1.5 

1.9 

6.4 

4.6 

1.8 

2.1 

1.6 

1.9 

1.6 

1.4 

.8 

14 

1.7 

6.8 

5.0 

1.8 

2  7 

1.4 

1.7 

1.5 

1.6 

.8 

1.3 

1.8 

63 

4.3 

1.8 

2.4 

1.3 

1.6 

1.4 

1.6 

.8 

1.2 

1.9 

6  8 

4.0 

1.7 

2.1 

1.4 

1.4 

1.3 

1.6 

1.0 

1.1 

1.9 

9.6 

8.4 

1.6 

1.9 

1.5 

1.3 

1.8 

1.6 

.9 

l.l 

1.8 

15  5 

3.0 

1.6 

2.0 

1.8 

1.1 

1.1 

1.6 

1.0 

1.0 

4.2 

15.3 

2.8 

1.6 

2.2 

1.2 

1  1 

1.2 

2.2 

1.0 

1.0 

7.7 

14.5 

2.5 

1.7 

2.1 

1.3 

1.0 

1.2 

2.1 

1.0 

.9 

7.6 

10.9 

2.3 

1.6 

2.1 

1.2 

1.0 

1.3 

1.9 

.9 

2.3 

5.3 

9.1 

2.2 

1.7 

2.1 

1.2 

1.0 

1.4 

1.8 

1.0 

3  5 

8.7 

7.4 

2.7 

1.7 

1.9 

1.1 

.7 

1.7 

1.7 

1.0 

4.2 

5.6 

55 

3.4 

1.7 

1.8 

1.0 

.9 

1.6 

1.6 

l.l 

4.0 

8.3 

4.8 

3.8 

1.6 

1.7 

1.0 

.8 

1.4 

1.6 

1.0 

4.3 

.   7.8 

4.0 

3.3 

1.5 

1.6 

.9 

.7 

1.8 

1.6 

.9 

4  8 

•   4.5 

3.6 

2.9 

1.5 

1.6 

1.0 

1.1 

1.1 

1.4 

.9 

5.7 

3.9 

3.1 

2i7 

1.4 

1.5 

.9 

1.3 

1.0 

1.3 

(a) 

5.2 

3.7 

2.8 

4.3 

1.4 

1.5 

.8 

1.6 

1.0 

1.8 

4.2 

3.2 

2.8 

5.3 

1.4 

1.5 

.8 

1.6 

1.0 

1.2 

3  7 

2.7 

2.7 

4.9 

1.4 

1.5 

1.0 

1.6 

1.0 

1:1 

79 

2  4 

2  6 

8.6 

1.3 

1.6 

.9 

8.3 

1.1 

1.1 

7.8 

3  4 

2.3 

3.3 

1.2 

1.6 

.9 

2.9 

1.2 

1.1 

6.1 

3.7 

2.4 

4.0 

1.8 

1.6 

.8 

2.5 

1.1 

1.1 

4.7 

4.6 

2.3 

4.5 

1.2 

1.5 

.8 

6.0 

l.l 

1.1 

*«•»*• 

3.9 

4.2 

2.2 

4  0 

1.2 

1.5 

1.3 

6.9 

1.0 

1.2 

3.1 

4.1 

2.3 

3.3 

1.1 

1.6 

2.6 

4.6 

.8 

1.2 

2.8 

4.0 

2.7 

2.6 

1.1 

1.5 

2.5 

4.1 

.8 

1.1 

2.6 

3.9 

2.7 

2.3 

1.4 

1.6 

2.4 

5.2 

.7 

1.0 

2.3 

1 

2.8 

2.0 

1.6 

1.9 

2.0 

4.8 

.8 

1.0 

2.0 

2.9 

1.9 

1.6 

1.7 

1.8 

2.6 

.9 

1.0 

2.1 

2.8 

1.7 

1.9 

2.0 

.9 

a  Ga^e  destroyed. 
SANDUSKY  RIVER  AT  FREMONT,  OHIO. 

station,  which  w?>s  established  November  18,  1898,  by  H.  A. 

and  B.  H.  Flynn,  is  at  the  bridge  of  the  Lake  Shore  Railroad 
lont.  It  is  described  in  Water-Supply  Paper  No.  36,  page  181. 
jasureinent  was  made  in   1899 — gage  height,  2.32  feet;  dis- 

1,784  second-feet.  The  following  measurements  were  made 
1900: 


ly  26:  QtdL^e  height,  2.75  feet:  discharge,  2,816  second-feet, 
vember  23:  Gage  height,  1.60  feet;  discharge,  468  second-feet. 
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Daily  gage  height,  in  feet,  of  Sandusky  River  at  Fremont,  Ohio^  for  1900, 


Day. 

Jan. 

Feb. 

0.65 

.66 

.60 

.66 

.65 

.75 

.75 

2.35 

3.30 

2.80 

2.15 

1.45 

3.30 

3.35 

2.70 

1.85 

1.16 

.80 

.95 

.85 

.85 

1.35 

1.50 

1.55 

1.60 

1.70 

1.65 

1.80 

Mar. 

f  ■ 
Apr. 

May. 

0.60 

.50 

.40 

.40 

.40 

.30 

.30 

.30 

.35 

.40 

.40 

.30 

.30 

.30 

.30 

.20 

.25 

.30 

.30 

.30 

.30 

.10 

.25 

.35 

1.10 

1.30 

1.30 

1.40 

1.40 

1.40 

1.40 

June. 

0.85  , 
.85, 
.85  1 
.80  1 
.75 
.65  ' 
.70 
.85 
.95 
.95  ' 
.90 
.75 
.75 
.65  1 
.50  ; 
.60 
.iiO 
.60 
.55 
.40 
.40 

.40  ; 

.90 
1.05 
1.70  ' 
2.  .35  1 
1.75  1 
1.70 
1.50  1 
1.50  1 
1.50 

1 
Aug.  1 

1.40  i 
1.30  , 
1.20  ' 
1.10  1 
.90, 
.80  ' 
.80  1 
.80  , 
.90 
.85  1 
.66  1 
.60  i 
.75  ' 
.75  1 
.») 
.75' 
.75  ' 
1.10  , 
1.05 
1.15  ! 
2.75  1 
2.55 
2.20 
2.75 
3.75 
3.05 
2.80 
2.00 
1.50 
1.45  , 

1.00  ! 

1 

Sept. 

Oct. 

1 

Nov. 

Dsfr 

1 

0.95 

.96 

.95 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.95 

1.05 

1.40 

1.95 

2.00 

2.15 

2.15 

2.05 

1.75 

2.  (JO 

3.20 

2.95 

2.40 

1.85 

1.55 

1.35 

1.25 

.85 

.70 

.70 

.70 

1.95 
2.70 
2.75 
2.85 
2.90 
4.05 
6.45 
6.90 
5.70 
5.30 
3.55 
2.a5 
1.66 
1.55 
1.80 
1.40 
1.20 
1.20 
1.40 
1.30 
1.10 
1.10 
1.00 
.90 
.90 
.90 
.90 
1.10 
1.10 
1.00 
1.00 

1.20 
1.70 
1.70 
1.60 
1.60 
1.50 
1.20 
1.00 
.90 
.80 
•  SO 
1.35 
1.50 
1.40 
1.3r) 
1.30 
1.30 
2.15 
3.30 
1.80 
1.60 
1.45 
1.85 
1.95 
1.75 
1.35 
1.05 
.90 
.70 
.70 

l.fiO 
1.60 
1.66 
1.70 
1.60 
1.50 
1.80 
1.00 
1.50 
1.50 

i.m 

1.50 

1.40 

1.50 

1.45 

1.20 

1.20 

1.30 

1.20 

1.10 

1.10 

1.30 

1.30 

1.10 

1.10 

1.00 

.90 

.95 

.W 

.80 

1.00 
.95 
.95 
1.00 
1.50 
1.65 
1.65 
1.65 
1.75 
1.70 
1.70 

i.a5 

1.66 
1.70 
1.66 
1.75 
1.60 
1.70 
1.65 
1.75 
1.80 
1.75 
1.60 
1.40 
1.25 
1.10 
1.00 
1.10 
1.00 
1. 00 

1.10  ' 

1.30 

1.10  ' 

1.05 

1.10 

1.20 

1.20 

I.IO 

1.20, 

1.15 

1.10  , 

1.05 

1.05 

.90  1 

.86 

.80 

.95 
1.00  1 

.85 

.80 

.90  1 

.96 
1.10 
1.00  , 
1.0) 
1.10 
l.(fi 
1.00  1 

.90, 

.85  ' 
1.00 

1.00 

1.06 

.90 

.80 

.85 

.80 

.85 

.80 

.85 

.90 

.86 

.85 

.75 

.80 

.76 

.70 

.80 

.75 

.80 

1.10 

1.50 

1.70 

1.80 

1.85 

2.10 

2.30 

2.60 

2.30 

2.00 

1.90 

l.V 

2 

1.1 

8 

It 

4 

1.1 

6     

1.1 

6...  

7 

1.1 
1  9 

8 

1  4 

9 

IJ 

10 

IS 

11 A 

12 

l.fl 
M 

18 

1  11 

14 

la 

15 

16 

i.a 

17 

1  3 

18 

1.11 

19 

20 

LI 

I.a 

21 

1.0 

22 

1.4 

23 

l.V 

24 

I.U 

25 

I.a 

26 

!.!.' 

27 

l.U 

28 

l.U 

29 

I.a 

80 

I.OC 

31 

.« 

SENKCA   RIVER   AT   BALDWINSVILLE,    NEW  'YORK. 

Records  of  the  stations  on  the  New  York  streams  which  belong  to 
the  coast  drainage  will  l)e  found  in  Water-Supply  Paper  No.  47,  pa^5 
42  to  80.  A  number  of  the  streams  of  that  State  on  which  stations 
have  been  established  belong  to  the  (Treat  Lakes  drainage,  and  follow- 
ing the  geographic  arrangement  which  has  bi»en  determined  upon  for 
the  publication  of  the  records  contained  in  these  reports,  the  records 
for  these  stations  are  inserted  on  tliis  and  the  following  pages.  The 
methods  employed  in  th(»  gaging  of  tliese  streams  isdis(»ussed  on  pages^ 
37  to  41  of  Water-Supply  Paper  No.  47,  where  will  also  be  found  a 
list  of  the  gaging  stations  in  New  York  State,  a  table  of  the  current- 
meter  measurements  made  during  TJOO,  a  table  of  tlie  drainage  areas, 
and  other  int<u'estintr  information. 

The  gaging  station  on  Seneca  River  at  Haldwinsvillc  is  described  ii 
Wat/er-Supply  Paper  No.  36,  page  is;^  This  river  drains  the  centm 
lake  region  of  New  York.  The  outlets  of  Otisco,  Skaneateles,  an< 
Owasco  lakes  are  crossed  by  Erie  Canal,  and  a  portion  of  their  Aoa 
is  intercepted  for  water-supply  purposes.  Water  from  Lake  Eri 
f(HMls  the  main  canal  as  far  as  Port  Byron.  Some  of  this  water  is  dis- 
charged into  Seneca  River,  and  thence  is  delivered  into  LakeOntaric 

The  upper  reaches  of  Seneca  River  are  canalized,  forming  the  Cayug 
and  Seneca  (»anals,  while  dams  on  the  lower  portion  admit  of  slack 
water  navigation,  forming  a  part  of  Oswego  Canal.  During  the  sun: 
mer  but  little  water  flows  over  the  dam  at  Daldwinsville.     In  times  c 
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"*ow  water  the  mills  are  allowed  to  run  a  certain  number  of  hours  dur- 

"Tig  the  day,  or  until  the  supply  accumulated  in  the  pond  above  the 
lam  is  drawn  down  to  a  certain  level.  The  water  is  diverted  through 
hree  power  canals,  and  is  conducted  to  the  water  wheels  by  means  of 
ihort  lateral  channels.  The  loss  through  leakage  of  wheel  gates, 
Inrnes,  and  penstocks  is  considerable. 

-;   The  following  current-meter  measurements  were  made  at  Baldwins- 

ViUe: 

~iime  11,  1900:  Second-feet. 

Amos  race 193. 5 

Oswego  Caual 504.5 

Main  stream  at  railroad  bridge  ' 1, 183. 0 

Totalflow _ 1,881.0 

flsptember  11,  1900  (no  water  flowing  over  dam): 

South  Side  Canal 475.0 

Oswego  Canal 317.0 

AmoB  race .' .  127. 0 


Totalflow J...       919.0 

The  BaldwinsNalle  record  shows  a  relatively  low  run-off  for  this 
stream.  The  1900  record  is  withheld  for  the  present,  additional 
measurements  to  determine  leakage,  etc.,  being  Tieeded. 

CHITTENANGO  CREEK  AT  BRIDGEPORT,  NEW  YORK. 

This  station  is  descrited  in  Water-Supply  Paper  No.  30,  page  184. 
A  current-meter  measui*ement  was  made  at  a  highway  bridge  below 
the  inflow  of  Buttei*nut  Creek,  near  Bridgeport.,  on  June  16, 1900,  and 
the  total  flow  of  Chittenango  Creek  at  that  point  was  found  to  be  95 
second-feet.  The  stage  of  the  stream,  as  shown  by  the  record  kept 
at  Bridgeport,  was  uniform  for  several  days.  The  mean  flow,  as 
computed  from  the  gage  readings,  was  95  second-feet  for  June  15  and 
10.  There  is  no  opportunity  to  measure  separately  the  discharge 
through  the  turbines  or  the  leakage  of  the  dam  at  this  station,  and 
an  allowance  of  15  second-feet  has  Ix^en  made  for  the  leakage  of  the 
dam  and  the  dike  leading  to  the  old  sawmill.  The  sawmill,  situated 
on  the  left  side  of  the  stream,  runs  very  irregularly.  The  water 
wheels  are  old,  and  the  penstocks  leak  considerably.  On  June  10  a 
current-meter  measurement  was  made  in  the  headrace  leading  to  the 
sawmill.  The  water  wheels  were  running,  and  the  flow  was  found  to 
be  14.4  second-feet. 

The  relatively  low  run-off  from  the  watei*shed  of  Chittenango  Creek, 
as  shown  in  the  accompanying  tables,  may  be  attributed  to  the  di  vei'sion 
of  a  i)ortion  of  the  flow  to  supply  the  summit  level  of  Erie  Canal. 

State  dams  are  located  on  the  main  stream  at  Chittenango,  and  on 
its  two  tributaries,  Limestone  Creek  ttBdflHjtaBiot  Creek.  Cazenovia 
Lake,  Erieville,  De  Ruyter,  aii4  jHJ^^^^^Hkpirs  impound  stor- 
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Age,  by  which  the  flow  is  regulated  to  some  extent.  Water  is  al 
diverted  from  Tioghnioga  River,  entering  the  Orville  feeder  throuj 
Limestone  Creek. 

Additional  information  in  regard  to  this  creek  will  be  found 
Water-Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitl 
"Methods  employed  in  the  gaging  of  New  York  streams  during  t 
year  1900." 

Daily  discharge,  in  second-feet,  of  Chittenango  Creek  at  Bridgeport,  Netc  Yo 

for  IS^S, 

[DraiDAge  area,  307  tiqoare  miles.] 


Day. 

Sept. 

Oct.    i 

1 

Nov.  [ 

Dec. 

Day. 

Sept. 

Oct. 

Not. 

D< 

1 

180  ' 
a205  1 

in 

172 
156  , 
309 
235 
204 

a  130  ' 
165, 
194  ! 
196  i 
197 
181 
354 

a335 

:s99 

562 
N»  1 
434 
35K  1 
379  1 
a385 
331 
359  1 
386  , 
474 
1.339 
1.571 
a  1.265 
921 
790 
004 
615 

427 
360 
318 

a  385 
47J 
414 
401 
320 
201 
265 

a465 
434 
454 
442 
450 
472 
619 

:  18 

19 

a53 
119 
189 
117 
HI 
115 
135 
a85 
142 
149 
214 
154 
196 

284 

297 
S90 
880 
468 

a465 
487 
472 
852 
867 
972 
661 

a565 
519 

500 
606 

a675 
7SB 
628 
603 
660 
490 
442 

a465 
528 
418 
421 

0 

2 

3 

20 

4 

(a) 

'21.: 

122 

,23 

24 

25 

,  86 

27 

5 

1 

6 

1 

7 

1 

8 

at 

9 - 

10 

11 

(a) 

28 

,  29 

12 

18 

30 : 

1  31 

14 

15 

Mean 

1 

16 

82* 

110 

1S9 

344 

612 

17 

a  Sunday. 

Daily  discharge,  -in  second-feet,  of  Chittenango  Creek  at  Bridgeport ^  New  Yo 

for  1809. 


Day. 

Jan. 

a  515 
571 

6:» 

737 

1.007 

1.310 

1,282 

«l,i;}5 

724 

480 

473 

023 

849 

7:J8 

K»l,200 

1,380 

1,101 

0.32 

31H} 

3{»5 

389 

a:*5 

399 

372 

311 

3ti2 

3118 

:*K 

a:}85 

448 

- 
♦502 

Feb. 

Mar. 

Apr. 

■  -  —  - 

837 

0  795 

752 

8^>1 

800 

804 

857 

1.420 

al,075 

1,309 

l,:ioo 

1.274 
1.697 
1,737 
1.014 
al,4(>5 
1,:339 

859 
8151 
029 
447 
«105 
027 
527 
4.)Ji 
3:^1 
279 

:i">9 
a  295 

{*21 

I 

May.  '.Tune. 

447  i      420  , 
a57  1      34*5 
310        2:^4 
172  :  (1 105 
172  .      184 
157        22J« 
(1 95  1      229 
172        244 
172         192 
227  ,      147 
ZY:       a  70 

172      \m 

172  -     lir2 
a  16.5         182 
184»         1(J9 
174         iHt 
25«»        1}« 
310       a  70 
374         152 
374          84 
a:j85          92 
28]         Wt) 
205         124 
2.52  ,       134 
1J»7       a  70 
195  '      141  , 
227         109  1 
n  225         101* 
312          84 
3:«          91 
229    

245         h51 
n  ^^unllay. 

July. 

Aug. 

84 
79 
109 
120 
i:J4 
«70 
125 
125 

i:u 
79 

62 
44 

a  15 

141 

125 

K« 

87 

76 

91 

a  25 

120 

109 

90 

' 
'\'a\" 

"50' 
90 
112 

90 

Sept. 

Oct 

1  Nov. 

1 

D 

I 

•> 

520 
48i 
440 
405 

a3fv5 
m\ 
;M2 
4t>5 
385 
385 
385 

u385 
5:iS 
521 
4ti2 
;i02 
449 

a>4 

a  385 

Ml 

444 

019 

9"j0 

1.074 

1,314 

a  1,015 

045 

I'M 

.V>1 

032 

473 

385 

.520 

a  1,200 

1.331 

1.475 

1.009 

84)0 

K52 

659 

a5«V'» 

1.190 

l.OOl 

970 

♦105 

0:34 

520 

a, 505 

im 

Wi2 
l.OJil 
1.345 
1,001 
f/8S5 
♦i26 
7»i(.» 
1.075 
l.*iO 
l.:}00 

.s9:i 

1 

110  ' 
a  55 
97 
113 
1:12  1 
99  1 
12:3  1 
i:}2 
(I  4.5 
89 
202 
271 
102 
1^>9 
99 
a  70 

101 

221 

210 

2<>4 

1.52 

117 
a  70 

102 

102 

122 

110 
8^ 

10i< 
a  45 

141 

12:? 

81 
49 

a  45 
\^\ 
81 
70 
74 
90 
90 

a  15 
71 
90 
92 

m 

8.^ 

7\» 

a  25 

89 

74 

9^} 

117 

39 

84 

a  25 

♦57 

49 

112 

119 

90 

79 

7»i 

a  75 

90 

91 

90 

8(» 

141 

89 

a  45 

107 

117 

101 

101 

85 

72 

a  15 

84 

30 

:is 
:^ 
45 
47 
a  15 
60 
68 
4.3 
57 
48 
25 
1    a  30 
a5 
ft5 

(V4 

1        Oi) 
145 

3 

145     (I 

4 

100 

5 

0 

a  165 

22sl 
128  i 

8 

9 

120  1 
108 

lif 

65     a 

11  

iO  1 

12 

aao' 

13 

14 

15 

16 

17 

18 

19 

"»»  ■ 

57, 
05| 
6u  , 
88  1  c 

m  mm 

a  25 

20 

83  , 

21 

70 

22 

7s  1 

Z\ 

lOii 

24 

HG  ,  t 

25 

lli» 

20 

a  25  ' 

27 

loo  • 

28 

I3;i 

29 

30 

114  1 

1(6 

31 

Mean 

'STEW   TORS.  335 

ofv  diaeharge,  in  teond-fett,  of  ChitUnango  Cretk  at  Bridgeport,  JVtw  Yvrkt 
forlOOO. 


Dt- 

Jmi. 

Feb. 

Hh. 

Apr. 

Mr. 

Juus.  Jnlr- 

Aug, 

Sept 

Oct    Nov. 

Dec 

£12 

Si 

,1 

'i'i 

s 

O790 

ii 

are 

g 

.3(3 

.an 

"'I 

1 
SI 

i 

1 
1 

sag 

1 

117 

•1'  s 

i»  i      a: 

100 

i 
■s 

1 

i 

J 

■1 

1       1 

1 

57 

1 

S7 

1 
1 

IQa 

"sa 

35 

1-1 

t,l>35 

IS 

1:3 

ni.aas 

i 

ua 

1 

a375 

IS 

J 

"333 

i 

.54n 

1 

73 

■i 

1 

11! 

aiao 

i 

1 

IW 

IS 

Sj'C 

flua       MO 

782  J     "mo 

"'^Si  i 
is    iS 

aaa 

lui  i    44 

HU 

"1 

™39 
TB 

7U 
M 

mi  _ 

ig  :::::::: 

OOB 

"1 

HMD 

ui       Ta 

KM          Kll 

arr 

m 

no 

73 

"■ 

" 

327 

sas 

a  Sunday, 

ONEIDA  CREEK  AT  KENWOOD,  NEW  YORK. 
A  ile»criptioQ  of  this  station,  which  is  located  Ht  the  silk-mill  dam 
in  Keuwood,  will  be  found  in  Water- Supply  Paper  No.  30,  page  ISO. 
Tlierp  is  no  leakage  of  the  dam,  and  only  a  slight  leakage  of  thv  flume 
Mil  heafl  gates,  which  has  been  t«ken  at  3  second-feet.  The  flow 
over  a  wasteway  near  the  mill  is  computet!  by  means  of  Francis's 
(onnnla.  A  second  spillway  in  the  caual  bank  near  the  dam  has  a 
broad,  irregular  crest,  over  which  wat«r  sometimes  flows.  A  dis- 
ttarge  curve  for  this  spillway  has  bet-n  prepared,  using  coefficients 
'foni  the  Coruell  experiments  for  dam  with  a  broad,  flat  crest.' 

Current-meter  measurements  were  made  to  check  the  calculated 
Wat  Kenwo<Ml,  with  the  following  results: 
'nia  I,  1900:  Second-feet. 

Total  flow  Ht  Oneida  Caatle _ 36. 6 

FlowoTerdam,  creel  gage  reading  0.15  foot 19 

Plow  thrnngh  tnrbine.  11.75  feet  bead,  one-third  gate \!> 

Flow  over  wasteway  near  mill  — I 

Awnmed  leakage 2 

Total  flow  (compnted) 37.0 

3«titemb«r  17.  1900: 

Total  flow  metisnred  in  beadrace 'JO.O 

Flow  throagh  turbine,  one-ihird  gate 15 

Aunmed  leakage 3 

Total  flow  (cotnpnted) \%A 

•aeeProc.  Am.  Sue  C.  B..  lUrch.  IWW,  p.  284. 
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At  Oneida  is  a  State  dam  diverting  water  for  the  supply  of  the  sui 
mit  level  of  Erie  Canal.  No  measurements  of  diversion  to  the  feed 
have  been  made.  Practically  the  entire  flow  of  Oneida  Creek,  U 
leakage  of  the  dam,  is  taken  for  this  purpose  during  the  low-wat 
season. 

Additional  information  in  regard  to  this  creek  will  Ik*  found 
Water-Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitl 
**  Methods  emploj-ed  in  the  gaging  of  New  York  streams  during  1 
year  1900." 

Daily  discharge,  in  secomi-feei,  of  Oneida  Creek  at  Kejiirood,  New  York,  for  Ji 

[Drainage  ania.  50  square  milea.J 


Day. 


Oct. 


1 

2 

(a) 

3 

4 

5 

112 

6 

58 

7 

00 

8 

•  58 

9 

a  45 

10 

23 

n 

23 

12 

30 

18 

27 

u 

51 

15 

110 

1« 

a  100 

IT 

102 

ov. 

1 
Dec. 

90  1 

70 

72  1 

63 

70 

80 

05 

a  76 

60 

82 

i58 

65 

60 

60 

58  1 

55 

51  1 

45 

265 

50 

274  1 

af^) 

172 

50 

140 

45 

119  1 

50 

123 

55 

106 

101 

106 

IW 

Day. 


18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mean 


76 

1«2 

76 

115' 

75 

a  \.i\ 

70 

123 

110 

109  1 

a  100 

123 

100 

100 

75 

86 

120 

93 

180 

a  77 

129 

61 

i:» 

76 

a  100 

64 

Uti 



K\ 

IIC) 

a  Sunday. 
Daily  dutcharge,  iti  second-feet,  of  Oneida  Creek  at  Kenwood,  New  York,  for  li 


Day 


Jau. 


Feb.  I  Mar.  i  Apr.  \   May.   June.   .Taly.  I  Oct.   Nov. 


IH 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11 
12. 
13. 
14. 
15. 
16 
17, 
18 
19 
2»> 
21 
22. 
23 
24 
25 
26 
27 
28 
29 
30. 
31 


Mean 


a  76 

1U8 
210 

ani 

KM) 

14:^ 

a  114 
9.> 
SO 
138 
180 
205 
273 

a  225 
18:J 
i;35 

101 
75 
65 
67 
a  57 
55 
<o 

a5 

55 
4:i 
(14^3 
51 
75 


li; 


5<»  I 
8(» 

fi59 
50 
5(» 
50  I 
35 
37 
100  I 

ai4 
56  i 
37 
47 
42 
3U 
41  I 

u44)  I 
52  ' 

im  : 
:i65 

232 
147, 
99 
a  161 


1 


•>•> 


93 


115 

IHi 

115 

112 

a  157 

tmmm 

2tRJ 

168 

128 

75 

9() 

a  149 

2:i5 

157 

123 

140 

144 

i:» 

a  157 

19H 
i:J5 
157 

is:3 
mi 

a  170 
157 
123 
230 

165 
157 


122 

all5 

116 

96 

122 

131 

166 

3:^ 

fi2«0 

214 

196 

496 

410 

406 

Ml 

a'M) 

m\ 

im 
166 
144 

110 

a  102 

96 

91 

110 

110 
91 
86 

a93 


183 


71 
60 
60 
59 
54 
55 

a  48 
5ii 
5:3 
53 
54 
59 
59 

(1 48 
53 
60 
61 
♦58 
(16 
91 

a  80 
82 
(0 
54 
66 
4.') 
43 

a  71 

108 
76 
59 

62 


46 
36 
36 

a:i5 
31 
31 
31 
24 
24 
24 

a  25 
26 
26 
26 
51 
41 

:jti 

a  30 
26 
31 
26 
26 
HI 
31 

(1 31 
31 
31 
24 
24 
21 


I 


:3o 


18 

a  20 

20 

20 

:io 

34 
21 
41 

a  40 
51 
26 
24 
24 
24 
21 

(i2o 
31 
28 
26 
2»5 
24 
25 

a  25 
26 
21 
21 
2i» 
21 
18 

a  20 
21 


CI  15 
21 
21 
21 
21 
21 
24 

a  18 
24 
24 
21 
24 
24 
24 

a  19 
25 
25 
25 
24 
24 
25 

o25 
25 
25 
24 
25 
24 
25 

/1 26 
29 
31 


2i3 


144 
69 
56 
66 

a  55 
44 
40 
26 
26 
24 
26 

a27 
28 
26 

26 
22 

a25 
28 
24 
2rt 
24 
26 
24 

a25 
26 
26 
26 
26 


:S3 


fi  Sunday. 
Note.— Xo  record  for  August  and  Septemljor. 
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IktUjf  dimkarQe^  in  Becondrfeet,  of  Oneida  Creek  at  Kenwood,  New  York,  for  2900, 


\ 


D*T. 


Jan. 


2.................. ' 

29 
26 

34 

29 
40 

(a) 

86 

54 

M 

11 

51 

47 

B 

60 

U 

47 

14 

(a) 

B 

45 

.1:;::::;::::::::.:: 

104 
81 

U 

76 

19 

964 

ft 

304 

n 

(a) 

s 

196 

n 

89 

» 

209 

s 

161 

s 

c 

101 

ft 

a90 

9 

» 

46 
45 

a 

47 

Mean 

92 

Mar. 


98 
194 

99 
(a) 
135 
191 
228 
140 
150 
199 

(«) 

98 

124 

100 

67 

52 

62 

a48 

148 

394 

282 

259 

260 

108 

(a) 
82 
154 
128 
128 
128 
118 


148 


Apr. 


(tt) 
290 
208 
154 
149 
813 
382 

(a) 
220 
200 
196 
212 
201 
204 

(a) 
172 
218 

die 

268 
224 
177 

(o) 
234 
160  ; 
134 
102  ' 

85  , 

86  I 

(o) 
61 


Jane. 


196 


19 
18 

(a) 
23 
20 
17 
23 
43 
52 

(a) 
30 
23 
17 
17 
17 
27 

(a) 
17 
19 
17 
17 
14 
14 

(a) 
19 
16 
19 
14 
19 
26 


21 


July. 


(a) 


29 
25 


22 
25 
32 

(a) 
42 
31 
24 
22 
22 
25 

(a) 
31 
54 
46 
38 
34 
40 

(a) 
34 
28 
27 
80 
55 
86 

(a) 
81 
28 


38 


Aug.  >   Sept. 


27' 
22  I 
16 
16 
(a)  , 
16 
13' 

15' 


25 

(a) 
14  I 
15 
16 

18  1 
20  ' 

32' 

(a)  I 

17  I 

14  I 
13  I 
13 
32 

(a) 
28 
31 
28 
20 
19 

19 


15! 

(a) 
15 
15 
15 
16 
19 
14 

(a) 
15 
15 
15 
15 
14 
14 

(o) 
17 

15 
15 
13 
19 
19 

(a) 

17 

17 

15 

17 

17 

15 
all 

17 

16 


Oft.   Nov.   Dec. 


17 
17 
14 
14 
17 
17 

(a) 
14 
35 
18 
17 
17 
19 

a  13 
25 
23 
25 
19 
19 
19 

a  17 
17 
17 
23 
25 
19 
17 

(a) 
19 
19 
23 


19 


26 
26 
16  I 
al6  i 

18  I 
16 
40 
82 
37  I 

a35 
38 
28  , 
22 
22 
19 
22 

a30  I 

60  ! 
50 
60  , 
46  I 
43  i 
a  337  I 
682 
863 
282 
225 
168 


71 

a68 

65 

U6 
198 
160 
160 
138 

160 
138 
108 
108 


■I 


91 


a  128 
158 
160 
188 
188 
108 

88 
al62 
237 
176 
182 
126 
1U8 

96 
a  97 

98 

127 


a  Sunday. 
Note.— No  record  for  February  and  May. 


WEST  BRANCH  OP  FISH  CREEK  AT  MoCONNELLSVILLE,   NEW  YORK. 

This  Station  is  described  in  Wat^r-Supply  Paper  No.  36,  page  186. 
During  the  summer  the  dashboards  are  on  the  dam,  And  Francis's 
formula  is  used  in  computing  the  flow.  At  other  times  a  discharge 
curve  derived  from  Cornell  experiments  is  used.  Three  water  wheels 
are  in  use.  Two  are  54-inch  wheels  built  bj*  the  Camden  Water 
Wheel  Works,  and  are  usually  run  ten  hours  a  day,  at  a  nearly  con- 
stant gate  opening. 

Current-meter  measurements  of  the  discharge  of  one  of  these  wheels 
onder  light  and  heavy  load  gave  the  following  results: 

June  2, 1900,  discharge,  43.2  second- feet. 
September  6, 1900»  discharge,  51.«S  second-feet. 

Ten  dams  located  on  this  stream  furnish  power  to  17  mills. 

Additional  information  in  regard  to  this  creek  will  be  found  in 
Water-Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitled 
"Methods  employed  in  the  gaging  of  New  York  streams  during  the 
year  1900." 
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DaUy  diaeharge,  in  »etxmd-/eet,  of  Wett  Branch  of  Fiak  Creek  at  MeConndtnO^ 
Xew  York,  for  tSOir. 

[Draloaae  lu-el^  ItC  square  mile".] 


Diy. 

Sopt. 

?  n 

a  a&     y^ 

ioii 

P6 

.t'   S, 

1 


Daily  dimiharge,  ij 


ml-/eet.  of  Went  Branch  of  Finh  Creek  at  StcCanndUnBe, 
.Yeic  York;  for  lS9'j. 


Day 

Jan,   Feb, 

al20      MS 

IS  !-■' 

1?  

S   .!! 

,   Feb,  Uar.   Apr.    Ma;, 


Tt?      131  I   ti»  ta.i\» 

,    TXi-    IW  I    Ti«     1.731 


M«7, 

Dk<;                Ju, 

Fait   M.r,|  Apr, 

lur 

?;a 

W 

815 

"S"ffi 

i-}^ 

s 

■3 

<il» 

ai     t^ 

■K 

:;;;;:;;;:;;;;  1 

378 

599  i 

a« 

NEW    YORK. 
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^harge^  in  Becondrfeet^  of  West  Branch  of  Fish  Creek  at  McConneUsvUUf 

New  York  J  for  1900, 


Day. 


May. 

Jone. 

July. 

Aug. 

1 

60 

Sept. 

Oct. 

Nov. 

1 

Dec. 

278 

96 

a52 

48 

60 

157 

160 

2S5 

78 

78 

60 

a  10 

64 

144 

117 

23S 

a28 

78 

60 

20 

49 

133 

144 
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70 

52 

58 

60 

65 

03 

128 

243 

58 

52 

a  10 

60 

65 

132 

257 

a205 

70 

96 

50 

60 

64 

104 

201 

235 

70 

80 

60 

60 

a34 

143 

169 

165 

88 

a52 

60 

28 

39 

217 

16U 

185 

90 

78 

60 

a  10 

39 

180 

117 

185 

a52 

78 

58 

60 

59 

163 

118 

185 

78 

78 

50 

60 

55 

110 

13$ 

172 

70 

70 

a30 

60 

54 

107 

137 

a  105 

60 

70 

56 

60 

64 

m 

127 

148 

68 

60 

168 

60 

a36 

i   132 

137 
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78 

a  10 

9H 

58 

71 

112- 

9T 

136 

86 

60 

61 

«10 

76 

101 

82 

125 

u52 

60 

64 

60 

76 

86 

121 

120 

72 

70 

48 

60 

46 

78 

11^ 

106 

58 

60 

a  19 

55 

86 

144 

85 

a  75 

78 

m 

30 

55 

71 

207 

58 

104 

70 

60 

50 

196 

a  60 

224 

60 

104 

70 

a  10 

50 

239 

106 

239 

28 

96 

68 

60 

60 

a  128 

116 

2^6 

31 

96 

a28 

60 

55 

87 

218 

231 

31 

86 

70 

64 

30 

87 

148 

196 

31 

86 

70 

60 

a  19 

66 

VM 

330 

31 

a38 

70 

76 

60 

66 

140 

dn5 

51 

82 

70 

26 

134  , 

66 

a  128 

223 

51 

71 

70 

a36 

76  i 

60 

150 

187 

31 

52 

68 

60 

60  1 

a58 

150 

179 

31 

88 



60 

50 

206 

88 

168  ' 

1 

58 

143 

68 

60 

65 

99 

a  Sunday. 


OSWEGO  RIVER  ABOVE   MINETTO,  NEW   YORK. 

igo  River  is  formed  by  the  junction  of  Oneida  and  Seneca  riv- 
rhree  River  Point*  It  has  extensive  natural  storage  in  Oneida 
which  covers  an  area  of  80  square  miles,  and  in  the  Finger 
of  central  New  York,  which  it  drains.  Certain  tributary  lakes 
ilso  as  reservoirs  for  the  water  supply  of  the  middle  division  of 
anal,  and  a  portion  of  the  flow  is  diverted  for  this  purpose. 
?go  River  has  been  canalized  by  the  construction  of  dams, 
ng  slack-wat^r  navigation  on  a  part  of  the  stream.  In  all 
ire  7  dams  on  the  river.  Surplus  water  at  the  State  dams  sup- 
ower  to  numerous  mills  situated  on  the  adjacent  banks.  Lat- 
nals  and  locks  carry  boats  around  the  dams  and  c(mnect  with 
ftter  from  the  next  succeeding  dam  in  each  instance, 
jtablishing  a  gaging  station  it  was  impossible  to  measure  the 
stream  in  a  single  channel,  since,  in  order  to  avoid  slack  water 
ams,  it  was  necessary  to  select  a  site  where  the  river  is  paral- 
)y  the  canal.  A  cable  station  was  established  September  14, 
miles  above  Minetto,  and  below  the  State  dam  at  Battle  Island. 
J  board  was  placed  one-fourth  mile  upstream  from  the  cable.     A 
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weight  gage  is  used,  being  suspended  from  a  framework  project 
over  the  water  beyond  the  low-water  margin.  The  position  of 
weight  when  the  gage  reads  zero  has  been  determined  with  referenda 
to  a  fixed  bench  mark.  The  gage  is  so  arranged  that  the  readingi 
are  reversed,  thus,  8.00  would  be  extreoie  low  water,  and  when  the 
water  rises  the  readings  are  less.  Morning  and  evening  readings  an 
taken,  usually  twelve  hours  apart,  and  the  average  of  the  two  read- 
ings is  given  in  the  table. 

A  current-meter  measurement  was  made  at  the  cable  station  oil 
September  15.  The  mean  gage  height  during  the  measurement  wm 
5.4  feet,  and  the  discharge  1,677  second-feet.  This  does  not  include 
the  diversion  through  Oswego  Canal.  The  lowest  water  on  this  stream 
usually  occurs  Sundays,  due  to  the  stopping  of  water  wheels  and  the 
consequent  refilling  of  ponds. 

In  this  connection  reference  may  1k»  made  to  the  gaging  recoiA 
which  was  maintained  by  the  United  States  Board  of  Engineers  on. 
Deep  Waterways  on  Oswego  River  at  the  Oswego  Falls  dam  froia 
November,  18118,  to  May,  1899,  inclusive.  A  description  of  this  sta- 
tion will  be  found  in  Water-Supply  Paper  No.  36,  page  188. 

The  drainage  areas  tributary  to  Oswego  River  at  the  different  gag- 
ing stations  are  as  follows: 


Drainage  areas  of  Oswego  Riv^r, 

Square  milM. 

Atmonth.   5,002 

At  high  dam  near  Oswego   5,000 

At  cable  station ..  4.990 

At  Fulton 4.916 

Additional  information  in  regard  to  this  riv<M'  will  be  found  in 
Water-Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitled  **Meth- 
ods  employed  in  the  gaging  of  New  York  streams  during  the  year 
1900." 


Daily  gage  height,  in  feet ^  of  Oswego  River  above  Mitietto,  New  York^  for  liw. 


Day. 

-  - 

Sept. 

Oct. 

-    -  ■ 
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4.<:o   c  .:>) 

h  New  weigL 
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r  .» 

4                                 ,    
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20     

5.  tiO  i  4. 7(»     4.25 

r  .4» 

5 



5. 55 

21 

5.52     «.15     4.25 

1  5. 55     5.411  1   <a» 

r  .45 

1 

fi.  15 
5.t»5 
5.  :)o 

Z\ 

5.2X     4. S5      ia) 

c  .3r> 

n, 

..     ...'..'.'!. 

24 

1  5.  tio  i  5.55      ia'» 

,•  .*> 

<l 

1 

25 

rt.  1(»     5.55  1    (a^ 

r  .1> 

10 

5  55 

2t3 

...    5. HO     5.50  'W.(>5 

c.^ 

11       

5.:V) 
5.a» 

5. 15 

Ml     ......    .... 

2.S 

l5.r«     5.5<>     2.25 

5.72  i  G.  46  1  1.60 

.10 

12                 

.*» 

i;j               

29  

:^0 

ai 

It  Kiiyre. 

5.70     5.05     1.15 

:  5.75  .  4.»5       .ijii 

i 4.iJ0    

1 

0  L'sed  board  gagre. 

.5fi 

14     

'i'.rz 

5.H<» 
5.5:i 
5. 30 

.6fi 

ir» 

5. 70 

.!*» 

1« 

a  No 

rocort 

«.oO 
1. 

— 
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OSWEGO  RIVER  AT  HIGH  DAM  NEAR  OSWEGO,  NEW  YORK. 

A  description  of  this  station,  with  tables  of  daily  gage  heights,  will 
found  in  Water-Supply  Paper  No.  36,  page  189.  The  dAm  is  of 
»nry,  with  a  crest  365.5  feet  long.  Flashboards  are  maintained 
I  on  the  dam  during  the  greater  part  of  the  year.  When  flashboards 
•re  on,  the  flow  over  the  dam  has  been  computed  by  means  of  Francis's 
formula,  with  a  const-ant  coefficient  of  3.33.  In  estimating  the  flow 
over  the  dam  when  flashboards  are  removed  a  discharge  curve  has 
been  prepared,  using  coefficients  in  the  weir  formula  derived  from 
Cornell  University  experiment  No.  3,^  and  taking  into  consideration 
inr^ularities  in  the  profile  of  the  crest. 

A  headrace  at  the  left  end  of  the  dam  diverts  water  to  supply 
power  to  an  electric-light  plant  and  to  the  waterworks  pumping  station. 
There  are  8  water  wheels  in  use.  A  regular  record  of  the  run  of  the 
water  wheels  has  not  been  kept,  and  the  diversion  for  this  purpose 
kasbeen  estimated  from  current-meter  measurements  in  the  headrace. 

Poiver  diversions  at  high  dam  near  Osicego, 


Date. 


1900. 

JoDe  12 

September  15 i 


Working'    Meas- 
head  ou  ured  din- 
wheels.  '  charge. 


Feet.     ,  Sec-feet. 

13  '  883 

14  ,  35S 


Three  pairs  of  water  wheels,  which  were  in  operation  when  the  fore- 
going measurements  were  made,  are  run  twenty-four  hours  a  day. 
Taking  the  average  of  the  foregoing  measurements  and  adding  105 
second-feet  for  the  additional  pair  of  wheels,  the  diversion  for  water 
power  has  been  estimated  at  450  second-feet,  as  a  round  figure. 

The  flow  from  an  auxiliary  spillway  in  the  end  of  the  headrace  has 
been  calculated  from  the  weir  formula,  using  coefficients  derived  by 
Bazin  for  a  dam  having  a  similar  crest  section. 

Some  uncertainty  attaches  to  the  record  at  this  station  during  the 
spring  months,  owing  to  the  carrying  away  of  the  flashboards  by  high 
water  at  dat«s  not  definitely  ascertained. 

In  the  accompanying  tables  of  monthly  and  daily  mean  flow  no 
allowance  has  been  made  for  diversion  to  Oswego  Canal. 

Additional  infonnation  will  be  found  in  Water-Supply  Paper  No. 
*",  pages  37  to  41,  in  a  paper  entitled  *' Methods  employed  in  the 
g<^ng  of  New  York  streams  during  the  year  1900." 


»  See  Proc.  Am.  Soc.  C.  E.,  March,  IWiO,  p.  274. 
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Daily  diteharge,  in  te&md'feet,  of  Otteego  River  at  high  rfani  near  Otweao, . 
York,  for  1897. 
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imiiarge,  in  aeeond-feet,  of  Omeego  River  at  high  dam  near  Ofwego,  yew 
York,  for  1899. 
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SALMON  RIVER  ABOVE  PULASKI,   NEW  TOBK. 

A  cnrrent-meter  statiOQ  was  established  on  this  strenm  Septemberl^ 
1000.  It  is  located  at  a  highway  bridge  2  miles  from  the  \'illagl 
of  Pulaski.  The  stream  bed  is  of  gravel,  the  banks  are  bold,  and  thi 
chauuel  bottom  is  nearly  flat.  The  gage  bonrd  is  attached  to  the  cen 
ter  pier  of  the  bridge,  and  readiug»  are  taken  twice  daily,  at  6  a.  n 
and  at  7  p.  m.  The  mean  of  the  two  observations  for  each  day  i 
given  in  the  table.  A  ciirrent-meler  measurement  made  on  Septen 
ber  i  showed  a  discharge  of  103  second-feet.  The  mean  gage  readtD| 
during  the  measurement  was  1.03  feet.  There  are  -i  dams  at  Pulaski 
fnrnishing  power  to  14  establishments.  The  total  efiEoctive  he« 
obtained  varies,  with  the  stage  of  the  stream,  from  24  feet  to  36  feet 

There  is  an  undeveloped  power,  with  a  precipitous  fall  of  110  feet 
at  Salmon  Falls.  In  November,  181)8,  a  giiging  station  was  estab 
lished  by  the  United  States  Board  of  Engineei-s  on  Deep  Waterway] 
1  mile  above  these  falls,  but  it  was  abandoned  in  June,  1899.  A 
description  of  the  station  will  be  found  in  Watcr-Snpply  Paper  Sw 
30,  p^e  190.  The  drainage  above  the  abandoned  gaging  station  ii 
191  square  miles,  while  that  above  the  bridge  station  near  Pulaski  ij 
204  square  miles. 

Additional  information  regarding  tliis  river  will  1>o  found  in  Water- 
Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitled  "Methods- 
employed  in  the  gaging  of  New  York  streams  during  the  year  1900.'' 

Daily  gage  height,  in  feet,  of  Salnum  River  above  Pulaski,  New  i'oHt,  f<ir  iSuo. 


i.Vb   i.w  1.  in. 
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MOOSE    RIVER   AT   MOOSE    KIVKR,    NEW    YORK. 

On  June  5,  1000,  a  gaging  sr.iition  was  erttiiblished  on  this  stream  a' 
Moase  River,  4  miles  Ik'Iow  the  McKeover  railraad  station.  The  sec 
tion  of  the  channel  ehoKeii  in  Ije  spanned  by  a  oablcwny  has  a  widll 
of  225  feet,  with  a  nearly  flat  gravel  bottom.  A  vertical  gage  boar 
was  attached  to  a  pile  driven  out  in  the  stream  lieyond  the  low-wat€ 
margin  and  protect*^»l  from  ice  and  logs  by  a  floating  boom  anchorc 
upstream. 

^co.-ne  RJyer  in  t-Jiaraelerized  throngluiul  Us  v-utiw  vourse  by  rift 
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md  rapids.  Topographically  the  watershed  is  rocky,  precipitous, 
ttnd  mostly  timbered.  The  drainage  area  above  the  gaging  st>ation  is 
'846  square  miles.  An  area  of  41  square  miles  in  the  headwaters  is 
mbject  to  regulation  by  storage,  controlled  by  a  State  dam  at  Old 
Forge,  at  the  foot  of  the  Fulton  Lakes.  There  are  numerous  unde- 
veloped water  powers  on  the  stream,  including  two  falls  near  Lyons- 
dale,  where  a  head  of  30  or  more  feet  might  be  obtained,  and  another 
(Alillers  Falls)  of  nearly  equal  height  below  the  town  of  Moose  River. 
Water  power  is  developed  at  8  dams,  a  total  fall  of  225  feet  being 
atilized,  the  aggregate  capacity  of  the  turbines  installed  being  more 
than  7,0(u)  horsepower. 

No  current-meter  measurements  have  thus  far  been  made.  Gage 
readings  are  taken  twice  daily,  morning  and  evening,  and  the  mean 
of  the  two  readings  for  each  day  is  given  in  the  accompanying  table. 

Additional  information  in  regard  to  this  river  will  be  found  in 
Water-Supply  Paper  Xo.  47,  pages  37  to  41,  in  a  paper  entitled  *'  Methods 
employed  in  the  gaging  of  New  York  streams  during  the  year  1900." 

Lkiily  gage  heigltt^  in  feet,  of  Moose  River  at  Motme  River,  Xetc  York,  for  19(mu 
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BEAVER  RIVER,  NEW    YORK. 

Beaver  River  rises  in  the  western  part  of  Hamilton  County,  crosses 
Herkimer  County,  and  emerges  from  the  Adirondaeks  at  the  town  of 
Number  Four,  on  the  Lewis  Countv  line.  The  flow  from  the  tribu- 
tary  watershed  above  Beaver,  comprising  an  area  of  153  square  miles, 
or  47.5  per  cent  of  the  entire  drainage  area,  is  regulated  by  storage 
in  the  Beaver  Flow  or  Stillwater,  an  artificial  lake  formed  by  a  timber 
dam  H)  feet  high.  In  addition  to  the  reservoir  formed  by  the  Stat^ 
dam  at  Beaver,  there  are  within  this  region  more  than  50  natural 
lakes,  including  Red  Horse  Chain,  so  that  a  comparatively  uniform 
flow  is  maintained  throughout  the  summer  season. 

An  examination  of  Beaver  River  with  reference  to  facilities  for  gag- 
ing was  made  early  in  July,  1000.  The  almost  continuous  rapids  in 
the  upper  reaches  of  the  stream  limit  the  desirable  sites  for  gaging 
stations  to  the  stream  channel  below  Beaver  Falls,  4  miles  from  its 
confluence  with  Black  River  at  Castorland.     Arrangements   were 
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made  for  the  establishment  of  a  cable  station,  but  owing  to  the  pres- 
ence of  log  rafts  in  the  stream  during  the  greater  portion  of  the 
summer  the  record  has  not  yet  been  started. 

From  the  State  dam  at  Beaver  to  the  town  of  Number  Four,  a  difr- 
tance  of  10  miles,  the  stream  consists  of  numerous  lK)wlder  rapids, 
alternating  with  short  stretches  of  smooth  water.  Above  Beaver 
Lake  there  is  a  high  fall,  forming  a  descent  of  <50  feet  A\ithin  a  dis- 
tance of  400  or  500  feet.  From  the  foot  of  Beaver  Lake  to  Belfort,  a 
distance  of  12  miles,  the  stream  channel  continues  rocky  and  pre- 
cipitous, although  the  adjacent  watcrahed  is  sandy  and  for  the  most 
part  covered  with  timber.  Eagle  Falls,  2  miles  below  Beaver  Lake, 
consists  of  a  series  of  cascades,  aggregating  a  descent  of  75  feet. 
There  are  a  number  (»f  other  undt^veloped  water  powei's  in  this 
vicinity. 

Water  power  is  develoix»d  at  Beaver  Falls,  at  Croghan,  and  at 
Belfort,  aggi'egating  4,40<)  hoi*sepower,  at  five  dams,  and  utilizing  A 
fall  of  133  feet.  There  is  also  an  abandoned  power  at  Tisses  Falls, 
below  Belfort,  where  a  total  liead  of  00  feet  could  be  obtained.  Power 
is  developed  at  Belfoi-t,  under  a  liead  of  50  feet,  for  the  generation  of 
electricity  which  is  transmitted  to  adjacent  towns,  a  distance  of  16 
miles. 

Rainfall  and  other  meteorological  recoi-ds  have  l>een  kept  since 
Januar>%  1889,  at  NumlM?r  Four,  in  the  heart  of  the  timl^er-covered 
portion  of  the  watershed. 

Additional  information  regarding  this  rivorwillbe  found  in  Water- 
Supply  Paper  No.  47,  pages  37  to  41,  in  a  paper  entitled  **  Methods 
employed  in  the  gaging  of  New  York  streams  during  the  year  ]!♦(»<).*' 

BLACK    RIVER   AT   Hl'NTlNCJTONVILLE     DAM,    NEAR    WATERTOWX,    NEV%' 

YORK. 

A  d(»scription  <)!'  tliis  station,  including  tablrs  of  daily  gag«*  heights 
will  Im.»  found  in  \Vater-Supi>ly  Pai)er  No.  .'{<>,  pago  r.U.     'i'he  entire 
flow  of  lUaek   River  at  this  point,  aside  from  leakage  an<l  a  sliglit 
diversion  for  tln^  municipal  water  sui)ply  of  Watertown,  i)asses  over 
the  Hunt ingtonville  dam.     Two  or  in(»re  readings  of  the  crest  j^jage 
are  taken  daily,  and  the  mean  of  the  Headings  from  midnight  to  uM' 
night  has  lM»en  used  in  estimating  the  mean  daily  flow.     In  computing 
the  flow  over  the  <lam,  an  allowance  of  -no  second-feet  has  In^en  uiati^ 
for  leakage  through  seams  and   crevices  in  the  limestone  I'ock  under- 
lying the  dam.     This  amount  has  b<»en  arrived  at  from  an  estinnite  oj 
the  size  of  the  orifices  an<l  the  head  on  the  same,  when  the  wati*r  wi^« 
drawn  down  in  tlie  summer  of  1SU7. 

TheiT*  is  no  way  to  clieek  <lirect  the  flow  during  high  wat<M*  imme- 
diately below  the  dam,  but  a  current-meter  measurement  was  mad 
at  Glenpark  I  bridge  on  June  0,  11M)(»,  which  gav(»  a  total  flow  of  .,!/' 
second-feet. 

The  mean  dailv  flow  for  the  vears  1S'j7,  ls!»s,  lsui»,  and  Hmm^  is  give 
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in  the  acoompan^gr  tables.  It  does  not  represent  the  total  water- 
jielding  capacity  of  the  tributary  drainage  area,  inasmuch  an  a  portion 
at  the  flow  from  the  headwaters  is  diverted  to  the  Forestport  feeder  to 
tapf\j  Black  River  Canal.  Stora^  re8er\-oir8,  to  compensate  water- 
power  nsers,  are  maintained  by  the  State  of  New  York  on  Beaver  and 
Kooee  rivers,  the  principal  tritiutaries  of  Black  River.  Owing  to  flood- 
nter  storage,  diversion,  and  tho  effect  of  mills  starting  and  stopping 
iiregalarly,  the  regimen  of  this  stream  is  far  from  natu;-al.  Measure- 
Benta  of  the  amount  of  diversion  of  Black  River  lielow  Forestport 
naervolp  have  been  made  by  Mr.  E.  C.  Murphy,  for  the  New  York 
State  canal  survey. 

Tlie  highest  wattr  observed  while  the  record  has  I>een  kept  was  on 
Ae  morning  of  April  21,  liHHJ,  the  reading  of  the  crest  gage  being 
108.41  feet,  and  the  corresponding  flow  aOjlRO  second-feet,  equivalent 
toaflow  of  1'5  second-feet  per  square  mile  of  tributary  drainage. 

Tills  stream  is  of  great  importance  as  a  source  of  water  power,  hav- 
ing 52  dams  in  its  lower  stretch  of  18  mile.",  furni.shing,  iu  round 
BQmbers,  00,01)0  horse^wwer  to  80  millB  along  its  banks,  which  employ 
ana^regate  of  3,!i(X)  persons. 

Additional  information  will  l>e  found  in  Water-Supply  Paper  No. 
G,  pages  37  to  41,  in  a  paper  entitled  "Methods  employed  in  the 
ligiDg  of  New  York  streams  during  the  year  1000," 
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Daily  discfiarge,  in  aecond'feet,  of  Black  River  at  Hnntingtoncille  ihtvi.  New  Yorlt, 
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GRAND  RIVER,   MICHKiAX.' 

This  is  the  largest  stream  in  the  State.  Its  ilminaRp  basin,  which 
isrlades  a  total  area  of  5,572  sqaare  miles,  is  situated  in  the  c-eiitral 
portion  of  the  lower  peninsula,  and  drains  into  Lake  Miohigau.  It 
lies  in  the  southern  boi-der  of  the  pine  I>elt  and  is  fur  the  most  part 
cleared.  Occasional  tracts  of  forest  remain,  however,  as,  for  example, 
Slocum's  Grove,  in  Muskegon  County,  which  forms  a  part  of  the 
drainage  basin  of  Croekerj'  Creek,  and  contiiins  between  4,i'(Ji)  and 
S,00O  acres  of  hard-wood  and  hemlock  timber,  now  )>ciiig  lunibci'ed. 
The  basin  is  overlain  with  glacial  drift  deposits,  including  sand,  clay, 
overwash,  gravel,  and  till,  with  outcroppin;rs  of  rock  at  rare  intervals. 
Astratnm  of  limestone,  sjiid  to  be  5i  feet  thick,  appears  in  the  east 
«ide  of  the  bed  of  Grand  Biver  at  Grand  Rai>i<ls,  KX)  feet  above  the 
Pearl  street  bridge.  It  dips  in  a  northeasterly  direction,  at  a  slope  of 
Mfeet  to  the  mile,  and  does  not  appear  in  the  west  side  canal.  The 
vitershed  receives  an  annual  rainfall  varying;  from  25  inches  in 
the  region  of  the  headwaters  to  30  or  35  inches  near  the  mouth  of  the 
river.  From  the  foot  of  the  rapids  formed  by  the  limestone  ledfre  at 
Grand  Rapids  to  the  mouth  of  the  river  at  Lake  Michigan  tlie  flow  is 

I  Report  ot  Robert  E.  Hortoii. 
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very  sluggish;  the  fall  in  this  portion  is  given  below,  from  levels 
by  Mr.  Fred  Morley,  United  States  assistant  engineer. 

FcUl  of  Grand  River  between  Orand  Rapids  and  its  mouth. 


section.  '   J2IS;.      ^^' 


Milts.    >   F>ff 

Grand  Bapids  to Orandville i         6.0    ' 

Grandville  toLamont 11.5 

Lamont  to  Orand  Haven 21.64  ' 


Total '       39.14 


In  the  upper  half  of  this  stret<?h  of  the  river  the  immediate  banb 
of  the  stream  are  high,  sometimes  forming  natural  levees  at  elevft- 
tions  greater  than  that  of  the  adjacent  flood  plain.  Mr.  Morley  state 
that  below  Lamont  bayous  and  low  swamps  are  common  between  the 
river  banks  and  the  foothills  boi*dering  the  valley.  The  valley  as  ft 
whole  is  narrow;  gravel  bluffs  from  50  to  GO  feet  high  oecasionall/ 
stand  close  to  the  stream.  The  river  below  Grand  Rapids  has  beea 
adjudged  navigable,  and  a  project  has  been  formed  for  its  canaliza- 
tion, the  plan  being  for  a  waterway,  with  a  navigable  depth  of  10  feet, 
connecting  the  city  of  Grand  Rapids  with  Lake  Michigan. 

The  drainage  areas  of  the  main  stream  and  its  tributaries  at  varions 
points  are  given  in  the  following  table : 

Drainage  areas  of  Grand  River  and  its  tributaries. 


stream.  Location.  Area. 

I  Sq.  wi. 

Grand  River i  Above  Lansing; 736 

Red  Cedar  River Above  mouth '       4IS 

Grand  River I  Bc»U>w  mouth  of  Red  Cedar  River i     1.22R 

Do I  A]>ove  Portland 1,404 

1.T10 

1.T48 

4» 

919 

2,9n 

3.573 

SJ4 

4.W3 
'  i"« 


Lookingglass  River Alx)ve  mouth 

Grand  River I  Below  mouth  of  Lookintfgla.sa  River 

l3o j  Above  Lyon.s 

Maple  River '  Alx)ve  Maple  Rapids 

Do I  Alx>ve  mouth 

Grand  River ,  Below  mouth  of  Maple  River 

Do '  At  Ionia 

Do 

Flat  River 

Grand  River 

Thornapple  River 

Grand  River 

Do 


Alx) ve  Lowell 

At  mouth 

Below  mouth  of  Flat  River 

A  bovo  mouth 

Al>ove  Grand  Rapids  wat^r-ixjwer  dam. 
Above  mouth 


The  wat<»i*slie(l  is  coinparativoly  flat.  Tlu»  total  fall  of  tlie  river 
from  the  extreme  lieadwaters  to  tlie  mouth,  a  distance  of  more  than 
200  miles,  is  about  .'350  feet. 
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Fall  and  slope  of  Orand  River, 


Lfocatioii. 


Elevation  • 

above 
mean  tide.  I 


sad  Bapidsa 

uraU 

■la 

ortiand 


Feet. 
581.3 
587.6 
635.0 
640.0 
710.0 
835.0 
915.0 


Approximate  fall.   ,  ^PP^'^i^^  ^'^ 


tance. 


To  month  jBetween  I 
of  stream,  i  points.  I 


Feet. 

0.0 

6.2 

53.7 

68.7 

128.7 

243.7 

333.7 


a  Foot  of  rapids. 


Prom 
month. 


Between 
points. 


Feet. 

MUea. 

0.0 

0 

6.2 

39  , 

47.6 

67 

5.0 

83 

70.0 

106 

115.0 

138 

90.0 

192 

Milra. 


0 
89 

28 

le 

23 
32 
54 


The  northwestern  and  southeastern  portions  of  the  watershed  are 
^duckly  interspersed  with  small  lakes.  A  considerable  number  of 
[fliese  have  no  surface  outlets,  and  their  drainage  basins  do  not  con- 
t  tribute  to  the  run-off  of  the  river  except  through  ground  water. 
'  The  water  of  Grand  River  is  hard.  Samples  collected  on  June  20, 
;  1899,  showed  the  following  analyses:^ 

Awaljfies  of  urater  from  Orand  River  and  tributary  streams,  in  parts  per  million. 


Stream. 


Gnad  River. 


Jbomapple  River 

lioskegon  River 

Biiley  Creek  (spring  fed ) 


Lcx^ation. 


Grand    Rapids 
pnmpine  station. 

At  Caacade 

Above  Big  Rapids. . 


Total 
residue. 

Ohio- 
rine. 

Ml.  6 

4.0 

280.0 
184.0 
L*45. 6 

4.3 
1.9 
1.7 

Free 
ammo- 
nia. 


0.112 

.094 
.053 
.OOtt 


Alba-    I  Tempo- 
minoid  I     rarv 
ammo-  i    hara 

nia.      I    uess. 


O.SSdO 

.208 
.344 
.096 


240 

250 
170 
225 


Grand  River  serves  as  a  source  of  water  supply  to  the  city  of  Grand 
Rapids.  The  average  daily  consumption  of  tliat  city  for  the  year 
181*9-1900  was  13,693,499  gallons  a  day,  equivalent  to  a  flow  of  21.3 
8econd-feet.     The  population  in  1900  was  87,505.2 

In  connection  with  proposed  improvements  for  navigation,  gaging 
stations  have  been  established  at  various  points  on  Grand  River  ])elow 
Grand  Rapids.  All  gages  are  set  with  their  zeros  at  the  Lake  Michi- 
©indatum,  581.28  feet  above  mean  tide  of  the  New  York  harbor  deep- 
sea  levels.  Since  1890  observations  have  been  taken  at  different 
stages  of  the  stream,  notably  during  high  water,  with  a  view  to  deter- 
Diining  its  slope.  Cross  sections  have  also  been  made,  and  these  data 
^,  when  completed,  fonn  a  basis  for  computing  the  flow  of  tlie  river 
^y  means  of  Kutter's  formula. 


,,'Heport  of  Consnlting  Engineers  to  Pure  Water  Commissioners  of  the  City  of  Grand  Rapids 
«^bi0ui,  1809. 
'Heport  of  Board  of  Public  Works,  Grand  Rapids,  1900. 


242         OPERATIONS   AT   RIVER   STATIONS,   1900. — PART   IH.        [waA 

Tlie  resalts  of  the  gage  readings  for  the  year  1891,  referred  to  tiw 
Lake  Michigan  datum,  are  given  in  the  following  table: 

Ooige  heights,  in  feet,  of  Orand  River  at  various  points* 


Month. 


1801. 
Janiiary... 
February  . 

March 

April 

May 

June 

July 

AugruBt  — 
September 


Mean  ga^  heights. 


Highest  obserred. 


Lowest  obeerred. 


eS 

Ik 


8.16 
8.96 
11.91 
11.45 
6.93 
6.46 
6.77 
5.83 
5.  (SO 


a 
> 

G 
t 

c 


4.93 
5.9() 
9.48 
8.52 
8.62 
2.99 
2.51 
2.12 
2.51 


a 

> 

X 

5     >      f^ 


X 


& 


t  '■ 






• 

a 

9 

1 

> 

oe 

^ 

Hp« 

"^^      1 

»-« 

9    ' 

•o 

a    1 

a 

2  , 

»< 

rf 

K 


9 

a 


c 


■»  I 


1.81 
2.?2 
5.35 
4.65 
.92 
.66 

.09 
.20 


I  _ 


0.70  1 
.93  : 

.79 

4"  I 

.35 
.25  , 
.63  ' 
.41 
.33 


9.74 

13.64 

16.64 

14.49 

8.19 

6.99 

6.49 

6.34 

5.14 


b        I         Ik 

C         C     1 


a 
o 


0* 

t 


6.38 

10.68 

14.08 

11.48 

5.08 

3.78 

3.18 

3.08 

3.08 


,  2.37 

+0.42 

7.19 

4.08 

6.67 

-  .13 

7.04 

4.28 

8.87 

-  .29 

8.99 

6.18  ; 

6.87 

+  .17 

8.29 

5.18  ' 

2.17 

+  .17 

6.24 

2.78  , 

,  1.07 

+  .72 

5.74 

2.»* 

1    .77 

+  .27 

5.16 

2.08 

,    .87 

+  .(tt 

4.92 

1.78 

1 

+  .02 

5.12 

L73 

1 

1.27 

1.87 

2.77 

2.17 

.37 

.87 

.07 

-  .13 

-  .23 


Gaffe 

beiffht 

Corre- 

sponding 

Area  of 

Wetted 

Hydraulic 

Co'»ffl'»''»»>* 

on 
Grand 

Kage 
helKht  at 

cross  sec- 
tion. 

perim- 
eter. 

radius  - 
p-R. 

SloiH?. 

,of 

rough- 
ness. 

Moan  ve- 
locity. 

Dis- 
ehargf- 

Rapids 

discharge 

(A) 

(P) 

Kaife. 

section,    i 

Square 
jteet. 

Lineal 

Fert  per 

F^€t  ptr 

Second- 

h\€t. 

Fei;t. 

f*'f.t. 

fintt. 

second. 

/«•''•,  t 

5.67 

2.57 

1,3(6.5 

'svm 

'           3.  <>Vi 

v^^\tnv^ 

0.030 

0.8143 

9^lh 

7.32 

4.24 

l.Trt5.4 

:i4.'>.  o 

5.1(K) 

.(N)(NKl4>i 

.(J3I) 

1.3187 

2.151.« 

10.32 

7.63 

3,1«1.» 

•  3U7..T 

8.0.W 

.  0^!(MLV)U 

Atii>\ 

l.WU 

5- 5^1! 

U.:*2 

11.54 

4.*V=>.4 

3i)3.0 

ll.i:j«i 

.(XIUi>S7 

.(I3») 

3.  SJtKi 

12.3ie0 

i  i 


«»     • 


-l.« 
-l.i 
~LH 
-Id 
'M 
-.• 
-.« 
-.3 

-i.a 


Float  measnreDients  of  the  flow  of  Graml  River  were  made  bvMr. 
Morley  during  tlie  low-water  period  of  1891,  as  follows:  *  July  21, 5.52 
miles  below  Grand  Rapids;  August  18, 16. 68  miles  below  Grand  Rapids. 
Rod  floats  were  run  across  the  stream  at  intervals  of  10  feet,  and 
were  timed  while  passing  downstream  a  distance  of  100  feet.  From 
these  measurements  the  minimum  flow  of  1891  was  estimated  at  981.5 
second-feet,  the  corresponding  stage  on  the  Grand  Rapids  gage  being 
5.67  feet. 

In  addition  to  the  foregoing,  Mr.  Morley  calculated  the  flow  at  vari- 
ous stages,  from  measured  slopes  and  sections,  by  means  of  Kutters 
formula,  with  the  following  results: 

Calculated  floir  of  Grand  River  7iear  Graml  Raj^ida, 


A  nearly  continuous  record  of  the  stage  of  (Trand  River  at  tlie  Chi" 
cago  and  West  Miciiigan  Railroad  bridge,  1  mile  below  the  dam  ii^ 
Grand  Rapids,  has  been  kept  since  May  20, 18t)7.     A  copy  of  this  reC* 
ord  has  been  furnished  bv  George  W.  J)unker,  United  States  assistaU^ 


^  Report  on  Survey  of  C4raud  River  lx*low  Gr.'iud  Rapids.  War  DeiNxrtmeut,  1892. 
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eer.     The  daily  gage  heights,  referred  to  the  Lake  Michigan 
i,are  given  in  the  following  tables: 

gagt  height^  in  feet ^  of  Orand  River  at  Grand  Rapids,  Michigan,  for  1897, 


Day. 

May. 

June. 

...  ..'.  ...... 

7.6 

1 

6.8 

7.2 

• 

7.1 

.    .       ' 

7.0 

! 

1 

7.0 

6.8 

1 

7.0 

._.-  ......  ............)........ 

7.0 

6.9 

] 

6.8 

1 

-..._............ ............|........ 

6.6 

, 

6.6 

6.8 

7.3 

7.0 

6.9 

6.9 

1 

6.9 

.................  ......  ......|. ....... 

6.4 

6.3 

, 

6.3 

8.2 
8.2 
8.0 
7.9 

6.7 

6.6 

6.5 

6.5 

6. 


July. 

1 

Aug. 

Sept. 

Oct. 

6.5  ' 

6.2' 

6.5  ' 

6.9 

6.4 

6.9 

6.5  , 

6.9 

6.6  , 

6.0 

1 

6.7 

6.4 

6.0 

1 

6.7 

1 

6.0 

6.3  1 

6.6 

■ 

6.9 

6.3 

6.7 

6.1 

6.8 

6.3 

6.3 

6.9 

5.4 

6.8 

6.4 

6.8 

5.4 

6.8 

6.4 

6.2 


6.9 


6.3   . 

6.0 

6.6 

6.6 

6.1 

6.1 

6.8 

6.4 

6.2 

6.3 

7.3    . 

6.4 

7.2 

6.4 

6.3 

6.3 

7.0 

6.4 

6.9    . 

6.4 

6.1 

6.1 

6.7 

6.4 

6.1 

6.6  > 

6.3 

6.2 

6.9 

6.6 

6.3 

6.2 

6.1 

6.5    . 

6.1 

6.2 

6.6 

6.2 

6.1 

6.2 

6.6  , 

6.2 

6.1 

6.3 

6.0 

6.0 

6.6 

0.3 

6.0 

6.6 

6.3 

6.0 

6.9 

6.6  1 

6.4 

6.0 

6.7 

6.9  '. 

6.0  , 

6.8 

7.3  1 

6.6 

6.0  i 

6.1 

7.2 

6.1 

1 

6.1 

Nov.      Dec. 


yage  height,  in  feet,  of  Orand  River  at  Grind  Rapids,  Michigan,  for  1S98. 


•7- 


Jan. 


^1  " 


7.9 
7.9 
4 
i.4 
7.4 
7.4 


6.8 
6.9 
6.7 
6.9 
7.4 
7.6 
8.0 
8.0 
7.8 


8 
7 
9 


8.9 
8.4 
9.0 
9.2 
10.2 
9.4 
9.6 
9.6 
9.4 


>  I  I  ,  '  'I 

Feb.  ,  Mar.  i  Apr.     May.   June.   July.    Aug.    itept.  '  Oct.     Nov.  :  Dec. 


9.8 
9.7 
9.4 
9.2 
9.3 
9.1 
9.9 
9.4 
9.1 
8.9 
9.8 
11.7 


12.6 
12.8 
13.0 
13.1 
12.9 
12.9 

'i2.'9 


13.1 
13.1 
13.1 
13:1 


12.4 


12.2 
11.9 
11.4 
10.6 
10.2 

*'9.'4 

9.2 

9.6 

11.9 

13.5 

15.7 


14.2 
13.9 
14.0 
14.2 


18.7 
19.5 
19.7 
19.2 
18.6 
18.1 

'ii'.o 

16.7 
16.6 
16.4 
15.8 
15.2 


14.1 
13.9 


12.4 
11.6 
11.2 
10.7 
10.3 
10.0 

"*9.'5' 

"9.6 

8.8 


8.1 
8.1 
8.1 
8.0 
7.9 


r.8 


7.6 
7.6 
7.4 


7.3 
7.2 

7.1 


,0 


6.8 
6.4 
6.9 
6.1 


6. 
6. 
6. 


6.6 
6.6 
6.8 


6. 


8.4    . 

6.6 

8.4 

6.9 

7.2 

6.9 

7.4 

8.2  ' 

6.8 

7.0 

8.2 

7.2 

8.4 

8.0 

6.9 

8.4 

7.9 

6.9 

8.6    . 

6.5 

8.7    . 

6.4 

7.8 

6.8 

8.H 

7.7 

7.0 

8.7 

7.5 

8.8 

7.3 

7.4 

8.6 

7.3 

7.3 

8.5    . 

7.0 

8.3  '. 

7.0 

6.4 


6. 
6. 
6. 
6. 
6. 


6.4 
6.4 
6.2 


6.2 
6.2 


6.9 

6.4 

7.0 

6.4 

6.4 

6.5 

6.6 

6.6 

6.6 

6.5 

6.7 

6.5 

6.8 

6.5 

6.8 

6.9 

6.4 

6.H 

6.5 

6.7 

6.3 

6.8 

6.4 

rt.3 

6.7 

6.3 

6.8 

..2 
8.1 
7.5 
7.5 


9.1 
7.0 
7.0 
6.8 
6.8 
6.8 


6.8 
6.6 
6.6 


6.6 
6.7 
6.6 


6.6 
6.6 
6.6 
6.6 
6.5 

'6'2 
6.2 
6.4 

6.2 
6.8 
6.8 

'6.'9 
6.8 
6.5 
6.5 

6.8 
7.2 

■7.'6 
7.6 
7.2 
6.8 
6.8 


6.8 


6.9 
6 


6. 
6. 
6. 
6. 


6.7 
6.6 
6.4 
5.5 
6.2 
6.4 


6.7 
6.9 
6.9 
6.8 
7.3 
7.6 

'7.*6 
7.3 
7.5 
7.6 
7.6 
7.7 

"7'6 


7.4 
7.4 
7.3 
7.1 
7.2 


7.4 
6.9 
7.3 
7.3 
7.4 
7.5 


7.7 
7.9 
8.0 
8.2  ' 
8.2 


7.8  I 

7.9  I 
7.9 


7.8 
7.7 
i.  I 


7.6 
7.5 
7.4 
7.2 
7.4 
7.4 


7.9 

8.3 
8.2 
8.2 
8.1 
7.8 


8.4 

8.1 

8.7 

7.4 

8.8 

7.7 

8.8 

8.0 

8.3 

8.2 

8.2 

9.2 

9.9 

9.6 

9.2 

10.0 
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Daily  gage  Jieight,  in  feet,  of  Orand  River  at  Grand  Rapids,  Michigan,  for  19$9m 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

9.3 
9.4 
9.5 
9.4 
9.7 
9.6 

8.7 
8.5 
8.3 
8.2 
8.2 
7.6 

June. 

8.6 
8.4 
8.8 

July. 

Aug. 

6.9 
6.8 
6.5 

1 

Sept.' 

6.4 
6.4 

.......^ 

Oct. 

Nor. 

AT 

i7 

1 

2 

9.9 
9.8 
9.4 
9.4 

1    14.1       10.0 

14.3   

14.7  ,      9.9 
15.3  '    10.4 

6.0 
'6.2 

'7.'2" 
6.7 
6.7 
6.7 
6.7 
6.8 

"  6^6* 
6.4 
6.7 
6.6 
6.5 
6.6 

'"6.'9" 
6.8 
6.9 
7.0 
6.8 
6.8 

""6*9" 
6.6 
6.5 

6.6 
7.0 

8 

10.0 
9.3 
10.2 
10.3 
13.0 

7.0  

4 

7.0      U 

6 

11.4 
13.1 

7.9 
7.6 
7.6 
7.4 
.... — 

7.0 
6.7 
6.8 

6.8 

*"6.*9" 
6.6 
6.6 
6.5 
6.6 
6.4 

'*"6.'5 
6.4 
6.5 
6.5 
6.4 
6.4 

"  6.'4 

'*'6.*6 
6.6 
6.6 

"'e.'i' 

6.3 
6.3 
6.4 

6.4 
6.5 
6.6 
6.7  , 
6.7 

6.7 
6.6 
6.7 
6.5 
6.6 
6.5 

1 

6.7  ' 
6.9 
6.9 
6. 7  1 
6.9  1 

1 

........ 

7.6 
7.3  ! 
7.3 

6.8  

6 

9.0 
8.9 

.. . 

14.9 

7.1       U 

7 

14.6       14.0 
14.2       14.6 

13.0  , 

11.9       16.0 

7.0  1     U 

8 

6.9  ...« 

9 

12.6 
12.0 
12.8 
11.2 
11.2 
11.4 

...... • 

6.8  !...- 

10 

6.8  ; 

11 

11.4 

16.3 
16.5 
16  5 

7.0       U 

12 

7.4 

"'6.*6* 
6.9 

. . . ... . 

6.9 
6.9 

'     « 

18 

8.1 
8.1 
8.1 
8.4 
8.4 
8.1 

12.5 

6.9 

7.0 

7.1 

14 

12.8  16.4 
13.1       16.2 
13.3       15.7 

13.9  1    14.9 
13.3       14.2 

11 

16 

"  7.9 
7.6 
7.7 

••    m 
1.  i 

m     m 

1.  4 

7.4 
'"6.'8* 

7.0       7.1 

16 

12.8 
12.4 
12.4 
12.3 
12.0 
11.8 

7  • 

17 

6.8 

18 

7.3       7.4 

19 

13.4 
12.3 

7.1 

20 

9.1 
9.4 

12.2 

6.5  ; 

a9 

6.6 
6.6 

"'6."8' 
6.7 
7.0 
7.1 
7.0 
6.9 

7.0       7.1 

21 

12.3       11.8 
12.3       11.1 

12.1    

11.3  1     10.4 
11.0       10.0 

7.0     :.% 

22 



7.6 
7.4 
7.2 
7.2 
7.1 
7.0 

6.2  , 

6.9       7.1 

28 

10.6 
10.3 
9.9  1 

9.4 
9.4 
9.3 

6.6  !....« 

24 

6.6  

25 

6.8  

26 

9.9 
9.7 


7.4 

27 



10.6 
10.0 

13.7 
14.0 

10.5 
10.8 
10.8 
10.2 



"""6.' 8 

•  •  aw 

7.0 

6.6 

28 

;.• 

29 

9.4 

8.1 

6.3 

6.4       7.1 

9.8 
9.9, 

:.• 

81   

8.6 

....... 

7.1 



Daily  gage  height ^  in  feet,  of  Grand  River  at  Grand  Rapids,  Michigan,  for  2900 


I 


Day. 


Jan. 


1 

S  a 

2 

N.;{ 

3 

si 

4 

7,W 

r 

0. , 

...... 

7.t» 

6 

...... 

7.9 

7.U 

8 

14.1 
14.0  , 
1:3.  U  1 
i:;.4 
]•*  s 
13.7 
13  8  I 
13.8  ' 

:.!» 

9 

S.  1 

10 1 

x.\ 

11 

13 

7.H 

s.(» 

13 

14 

S.I 
f<.3 

15 

-H  3 

16 

i<.3 

Feb.  Mar.  Apr. 


10.8 
hi.  7 
10. 5 

10.  a 

10.  1 
15.  7 
15. 1 

i:i'5' 

13.7 
11.. H 
11.3 
ID.  0 
10.  :i 


Day 


, u 

Jan.    Feb.  Mar. ,  Apr.     « 

I - 


lu.o 


17 

_              _                           L                          _          _     . 

IH 

15* 

30 

,  31 

«>.> 

;     7.9 

3:3 

1     7.H 

34 

...........       i.< 

'»•% 

7.4 

1  X' 

^i 

7.0 

..1 ............. 

0.7 

'Jx 

'     7.0 

3'.» 

M.  7 

:tt) 

8.7 

31 

8.5 

13. 
11. 
11. 
10. 
10. 

». 

•*. 

,s. 
s. 


8.9  ».» 

.S.7  

r^.  4  •■•••" 

8.7   

H.7  

K.S    

H.x   

11.4    

]o  2      

13!  8  .!..- 

l:{.5  

15.4    

10.7   

17.0  

17.0  ,  


In  1801)  the  following  nieasurenients  of  the  vohinie  of  flow  of  the 
stream  were  made  under  Mr.  Bunker's  direction.  The  mea.su reineiits 
were  made  by  means  of  rod  floats  spaced  at  intervals  of  20  feet  across 
the  channel,  and  timed  through  a  distance  of  luo  feet. 
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DischarQB  measurements  of  Orand  River, 


Location  of  section. 


rick  House... 

..do 

..do 

..do 

..do 

amont 

..do 

..do 

rand  Rapids. 

..do 

.-do 


Eleva- 
tion of 
water 
snrface. 

Lake 

Michigan 

datum. 


Feet. 

14.514 
8.968 
4.048 
3.480 
3.301 
1.077 
.487 


13.334 
6.142 
6.108 


Corre- 
sponding 
stage  at 
Grand 
Rapids 
gage. 


Mean  i 
area  of  j 
section.  . 


Feet, 
16.49 

Sq.ft. 
6,131.6 

11.09 

3,337.6 

a  0.30 

1,437.6 

6.17 

i.in.o 

6.44 

751.2 

O7.09 

1,099.1 

6.17 

1,402.2 

6.69 

1,214.2 

13.39 

4,001.4 

6.14 

784.3 

6.17 

619.5 

Mean 

velocity 

Dis- 

per 

charge.. 

second. 

Feet. 

Sec'feet. 
18,770 

3.061 

2.237 

7,466 

1.377 

1,980 

1.187 

i,ao7 

1.210 

909 

1.206 

2,048 

.957 

1,342 

.749 

910 

2.584 

10,671 

1.906 

1,492 

1.756 

1,098 

a  Approximate;  interpolated. 

elation  between  the  various  sections  is  shown  in  the  following 


tring  relation  between  sections  on  Grand  River  where  discharge  measure- 

ments  were  made. 


Location. 


le 


R.  R.  bridge.  Grand  Rapids 


Propor- 

Distance 

tional 

below 

Drainage 

drainage 

Grand 

area. 

area  at 

Rapids. 

Grand 

Rapids. 

Miles. 

Sq.  mile*. 

Percent. 

4.0 

4,961 

98.7 

16.5 

5,179 

94.6 

0.0 

4.900 

100.0 

ing  was  made  at  Grand  Rapids  on  July  13, 1898,  by  W.  M.  MiUs, 
•cm  which  the  flow  was  estimated  at  1,000  second-feet.  The 
)f  all  gagings  thus  far  made  are  summarized  in  the  following 
le  results  of  measurements  made  below  Grand  Rapids  having 
duced  to  equivalent  flow  at  the  Chicago  and  West  Michigan 
1  bridge  : 

wing  discharge  of  Orand  River  at  Chicago  and  West  Michigan  Railroad. 

bridge  at  Orand  Rapids, 


te. 


1809... 


8. 
9. 
9. 


Hydrographer. 


Geo.  W.  Bunker 

do 

Fred  Morley 

W.M.Mills 

GJeo  W.  Banker 
do 


....do 

....do 

....do 

...-do 

Fred  Morley 

...do 

10 ,  Qeo.W.  Bunker 

» ...| do 

Fred  Morley.  .. 

» do 


stage  at 

Grand 
Rapids 

Discharge. 

gage. 

Feet. 

SeC'feet. 

0.60 

862 

6.44 

897 

5.67 

981 

6.29 

1,000 

6.17 

1.008 

6.17 

1,270 

6.17 

1,379 

6.19 

1,492 

7.09 

1.967 

6.39 

1,954 

7.82 

2.151 

10.32 

5,514 

11.09 

7,388 

13.39 

10.570 

14.32 

12,382 

16.49 

18.527 

m49—01 


■4 
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Two  gagings  of  the  low-water  flow  of  Thornapple  River  were  made 
by  L.  W.  Anderson  on  September  14,  1899,  near  the  mouth  of  tfca 
stream  and  just  above  the  \illage  of  Ada.  The  velocities  were  dete^ 
mined  by  means  of  both  surface  and  i*od  floats,  which  were  timed 
while  passing  through  100-foot  sections.  The  flow  was  found  to  be 
155  second-feet,  or  0.19  second-foot  per  square  mile  from  a  drainage 
ai'ea  of  824  square  miles. 

Float  measurements  of  Flat  River  about  7^  miles  above  its  month 
have  been  made  by  R.  J.  M.  Danley.  Soundings  were  taken  every  10 
feet  across  the  channel,  and  rod  floats  were  put  in  at  the  same  inte^ 
vals.  The  velocitj'  was  determined  bj'  timing  the  floats  while  passing 
a  distance  of  200  feet.  The  drainage  area  above  the  point  of  meas- 
urement is  556  square  miles,  40  square  miles  less  than  at  the  moatk 
of  the  stream. 

Discharge  measurements  of  Flat  River  about  7.6  miles  above  its  mouth. 


Date. 


1896. 

July  16 

JolylS : 

Septembers 


Diachai^. 


Second' 
fetU 
215 


Sec.-ft.wr 
n.mtu. 

215  0.9 

i 


Mr.  Danley  states  that  these  measurements  repi-esent  extreme  low 
water  preceded  by  a  period  of  six  weeks  with  little  or  no  rain. 

Arrangements  have  been  made  with  L.  W.  Anderson,  C.  E.,  for  the 

continuation  of  gagings  of  Gran<l  River  at  Grand  Rapids.  A  gage 
has  been  placed  at  tli(»  Fulton  street  bridge  wlu»r(»  observations  of  the 
stage  of  tlie  water  are  taken  twice  daily.  Current-meter  mea^sure- 
ments  of  the  flow  will  be  made,  from  which,  witli  the  measurements 
already  available,  a  rating  curve  for  the  Grand  Rapids  cross  section 
can  be  prei)ared. 

A  station  has  also  been  established  on  Grand  River  at  the  Schuyler 
street  bridge  in  North  Lansing.  The  river  freezes  over  through  nearly 
its  entire  length  above  Lansing,  and  in  the  spring  large  quantities  of 
ice  are  brought  down.  At  the  point  selected  for  gaging,  however,  the 
river  does  not  freeze  over,  owing  to  the  j)rcscn(»c  of  a  dam  an  eighth  of 
a  mile  above. 

Two  miles  above  the  North  Lansing  gaging  station  Grand  Hiver 
receives  the  drainage  from  Red  Ce<lar  River,  on  which  a  gaging  sta- 
tion was  established  in  January,  IHOI.  The  gage  is  located  at  the 
Grand  Trunk  Railroad  bridge  on  the  groun<ls  of  the  Michigan  Ajrri- 
euUural  College.  The  stream  is  narrow,  with  gravel  bed  and  without 
flood  plains;  the  current  is  moderate. 

The  station  on  Red  C-edar  River,  as  well  as  that  at  North  Lansiu? 
on  (Trand  Riv(»r,  is  under  the  ininiediate  direction  of  J^rof.  II.  K* 
Yeih]er,  of  the  Michigan  Agricultural  College. 
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The  drainage  areas  above  the  stations  are  as  follows: 

Drainage  areas  above  gaging  atatioHs, 


Biver. 


Location. 


I 


Area. 


d  River 

Do 

Cedar  River 


,Sq.  milea. 

Fulton  street  bridge.  Grand  RapidA j        4,900 

North  Lansing 1,288 

Michigan  Afirricultaral  College I  858 


The  fall  and  the  power  in  use  at  the  principal  dams  oh  the  main 
er  and  its  branches  are  given  in  the  following  table.  There  is  no 
rage  developed  on  the  stream.  The  dams  are  of  timber,  usually'' 
vided  with  logways,  though  the  logging  industry  on  the  river  is 
now  practically  at  an  end.  During  the  winter  months  anchor  ice  is 
m  frequent  source  of  annoyance  to  water-power  users.  The  present 
development  involves  two  power  canals  which  run  parallel  with  the 
xi^er. 

Developed  laater  pouters  on  Grand  River  and  its  tributaries. 


Location. 

Number 
of  dam. 

Eifective  head  or  fall. 

Rated 
power  of 

Stream. 

riomDer 
of  mills 
at  dam. 

Great- 
est. 

Least. 

Average. 

water 
wheels 

ported. 

■  *^*»^-« 

Orand  Rapids 

Lyons 

Three  miles  above 

Lyons. 
Portland 

1 
2 
3 

4 

6 

6 

« 

8 
9 
10 
11 
1 
1 
2 
1 
1 
3 
3 
4 
1 
2 

3 
4 
6 
1 
1 

24 

3 
1 

1 
3 
2 
None. 
6 
2 
2 

Feet. 
16 
9 

Feet. 
6.6 
4.0 

Feet. 
12.  b 
7.6 

Horte- 
power. 
2,000 
160 

J?o, 

ss — 

So 

i>o: 

Do : — 

i 

241 

do 

Grand  Ledge 

do 

9 

6.0 

7.6 

lao 

North  Lansing 

ESaton  Rapids 

Winfleld 

9 
9 

8.6  ^           7.0 
5.0             7.6 

..........I.......... 

200 
140 

Jackson - 

Grand  ville 

1 
1 
1 
1 

13.0 

400 

«^R*^,r:::;;: 

Childsdale 

18 

8.0 

418 

Rockford 

jrter  C:mr-^^ 

Eidgerton  ...... 

14 

12.0            13.0 

63 

noiriiApx^le  RJver 

Ada 

2                 8  '           4.6           10  6 

83 

Do 

Alaska 

2 

1 
3 

1 
1 

2 

1 

6.0 

90 

Do.—  ^, .:::;:: 

Labarge  

Do.--  -  « 

Middleville 

Lowell . . 

•lat  Ri"'''^*- 

8.0 

297 

Do —  -  • 

Three  miles  above 

12 

11.0 

466 

"Do--- 

"DO- 

Lowell. 
Alton    

Belding 

186 

Greenville 

1 
2 
2 

Portland 

8 

4.0 

7.0 

208 

Okemos _ 

Williamstown 

3                 2 

D^'     -—•----- 

1 

tl»^ 


^ifXer  power  was  originally  developed  at  Grand  Rapids  in  1830  by 
construction  of  a  rubble  diverting  or  wing  dam  on  the  limestone 


ipdS^  at  the  east  side  of  the  stream.  In  1851-52  a  dam  was  built 
^vfOSS  the  stream  and  the  width  of  the  east  side  canal  was  increased 
^  60  feet,  with  the  intention  of  providing  slack-water  navigation  past 
.«^  Lons:  Rapids  at  this  point.     In  1800  W.  T.  Powei*s  purchased  the 


\    4^  long  Rapidt 
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water  privilege  on  the  west  side  of  the  stream,  and  joined  with  tlie 
power  users  on  the  east  side  to  build  the  present  timber  dam,  the  crert 
line  of  which  is  G78  feet  long.  The  east  side  canal  is  2,500  feet  long 
and  the  west  side  canal  3,750  feet  long.  \ 

AVhere  the  space  between  the  canals  and  river  does  not  permit  of  i 
the  erection  of  mills  or  factories,  wheel  pits  are  placed  at  the  rivert  j 
edge  and  tlie  jKiwer  is  carried  to  the  mills  by  telodynamic  tranfr ; 
mission. 

Each  canal  is  entitled  to  half  the  flow  of  the  stream.  Water  privi- 
leges on  the  east  side  were  sold  by  priority,  beginning  at  the  lower  end 
of  the  canal.  Tlie  flow  in  the  west  side  canal,  constituting  half  of  the 
power  of  the  stream,  was  divided  into  GG  equal  part«  or  '*  runs.**  The 
net  power  of  one  run  of  stone,  at  the  ordinary  stage  of  the  stream 
and  under  a  head  of  12^  feet,  has  been  ilxed  at  15  horsepower.  On 
this  basis  the  ordinary'  effective  power  available  at  Grand  Rapids  is 
estimated  at  2,0<K)  horsepower.  The  power  is  utilized  in  the  manu- 
facture of  furniture,  in  flour  mills,  nmchine,  iron,  and  brass  works, 
and  for  the  generation  of  electricity.  In  addition  power  is  trans- 
mitted electrically  to  Grand  Rapids  from  the  plant  of  the  Penin- 
sular Electric  Company  on  Flat  River,  above  Lowell.  The  transmis- 
sion line  is  16  miles  long,  the  tension  10,0(X)  volts. 

The  foregoing  list  of  water  powers  doi»s  not  include  a  number  of 
rural  grist  and  feed  mills  on  the  smaller  tribataries,  some  of  them  very 
small,  only  permitting  the  mills  to  run  intermittently  by  holding  back 
the  flow  as  pond  storage.  Abandoned  sites  where  dams  have  been 
washed  out  are  not  infre(iuently  found.  These  were  used  to  supply 
power  for  sawmills  which  have  lon^r  sin<M»  cease<l  to  l)e  openitive 
through  lack  of  timber  supply. 

The  fall  at  (irand  Rapids  aggi-egates  IS  feet,  and  the  available 
po\v<M'  could  be  greatly  incr»»ased  by  const ructiiijj  a  new  <lam,  increas- 
ing the  hea<l,  and  concentrating  the  entire  flow  in  one  wheel  pit,  for 
the  generation  of  electricity.  It  is  estimated  that  an  average  of  -.-^"O 
horsepower  net  can  1m' obtained  s  numths  of  the  year,  from  May  to 
December,  while  <luring  the  four  spring  months  a  minimum  of  •i-^'^ 
horsepower  will  Im'  available,  with  the  cxc(»ption  of  a  few  days,  when 
the  head  will  be  reduced  by  backwater  to  0  fc(»t  or  less.  The  plan 
contemplates  the  (M'cM-tion  of  a  12-foot  con(*retc  dam,  the  construction 
of  a  power  canal  along  the  stream  ImmI,  an<l  tlie  excavation  of  the  tail- 
race  channel  '2^  feet  1k»1ow  the  present  bed  of  the  river.  It  would 
admit  of  the  filling  in  of  tin*  pn.»sent  power  canals  and  the  rei.*lania- 
tion  j)f  valuable  land  ahnig  tlie  rivei  front.' 

The  available  power  of  thv*  main  stream  is  for  the  most  part  utilized. 
It  is  stated  that  a  site  exists  between  Lyons  and  Portland  where* 
head  of  1-  f<'et  could  he  obtain<»d   bv  the  <M*ection  of  a  dam  10  feet 
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bigh.    A  dam  is  also  contemplated  at  Delta,  7  miles  downstream  from 
Lansing,  where  a  fall  of  7  feet  is  available. 

Fonr  miles  above  Lowell,  Flat  River  forms  a  bend  5  miles  in  cir- 
eomference.  The  natural  difference  in  elevation  of  the  stream  at  the 
two  ends  of  the  loop  is  11  feet.  By  building  a  dam  20  feet  hi^h  on  the 
upstream  side,  and  carrying  the  water  across  the  neck  of  the  bow,  a 
head  of  30  feet  could  be  obtained,  which  would  yield  a  minimum  of 
1,000  horsepower. 

On  Rogue  River,  1  mile  below  Childsdale,  a  dam  could  be  erected 
which  would  afford  a  head  of  20  feet.  Other  unimproved  privileges 
are  at  Fallassburg  on  Flat  River,  where  a  12-foot  head  is  available 
at  Ada  and  Cascade  on  Thornapple  River,  and  at  Maple  Rapids  and 
other  points  on  Maple  River.  There  are  also  two  abandoned  powers 
on  Buck  Creek  in  the  vicinity  of  Grandville,  at  each  of  which  a  head 
of  12  to  14  feet  could  be  obtained. 

Much  of  the  available  power  on  tributaries  of  Grand  River  is,  how- 
ever, of  little  value,  owing  to  irregular  flow,  limited  supply,  and 
remoteness  from  population  centers. 


MUSKEGON  RIVER,   MICHIGAN. 

The  drainage  basin  of  this  stream  lies  immediately  north  of  that  of 
Grand  River.  Originally  it  was  covered  with  pine  timber,  but  now 
it  is  almost  entirely  cleared.  Much  of  the  soil  is  sand  and  gravel, 
mfit  for  profitable  cultivation.  Large  stump-covered  areas  form  a 
conspicuous  feature  of  the  topography.  The  drainage  areas  tributary 
to  the  stream  are  given  in  the  following  table: 

Drainage  areas  of  Muskegon  River  and  tributary. 


stream. 


lukenm  River 

OMafflTer 

«Qak0gan  Rirer 

Do 

Do 

Do 


Location. 


Above  Clam  River 

Above  month 

Below  Clam  River 
Above  Big  Rapids 
Abovo  Newaygo . . 
Above  month 


Area. 


Sq.  milea. 
787 
807 
1,0M 
1.764 
2,352 
2.668 


In  March,  1901,  a  station  was  established  at  the  dam  of  the  Newaygo 
Portland  Cement  Company.  This  dam  crosses  Muskegon  River  in  a 
deep  valley  above  the  village  of  Newaygo.  It  is  of  timber,  having 
framed  cribs  filled  with  stone.  Its  height  is  21  feet;  it  I'ests  on  a 
liardpan  foundation,  and  is  considered  to  be  practically  water  tight. 
It  is  provided  with  a  main  spillway,  with  logways,  and  with  four 
floodways.  The  floodways  ai'e  provided  with  Taintor  segmental  flood 
gates,  which  are  operated  by  a  traveling  crab.  A  record  is  kept  of 
^e  time  and  amount  of  oi^ening  of  the  flood  gates  and  logways,  as 
^eU  as  of  the  depth  of  water  on  the  crests  of  the  spillways.  Ordi- 
J^rily  the  flood  gates  and  logway«  are  closed,  and  t\ie  ^\i\»\T^  fLorw 
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passes  over  the  main  spillway  or  through  the  turbines.  Water  is 
carried  from  the  pond  to  the  power  house  by  a  short  headrace  sepa- 
rate<l  from  the  stream  channel  by  a  crib  breakwater. 

The  power  house  contains  two  pairs  of  35-inch  Leffel  standard  tur- 
bines on  horizontal  shafts.  The  water  wheels  are  connected  to  elec- 
trical generators  by  endless  rope  drives.  The  power  will  be  used  for 
driving  machineiy  in  the  adjoining  cement  mills,  and  the  load  and 
consequent  discharge  of  the  turbines  will  ])e  fairly  constant.  The 
record  kept  for  the  water  wheels  includes  working  head,  hours  run 
per  day,  and  average  width  of  gate  opening  for  each  pair  of  wheels, 
as  indicated  by  the  Lombai'd  governors. 

A  gaging  of  Muskegon  River  at  Big  Rapids  was  made  August  27, 
1881,  by  Frederick  P.  Stearns,  civil  engineer,  and  the  discharge  wm 
found  to  be  877  second-feet.  This  amount  is  taken  as  the  ordinaiy 
flow,  and  is  used  in  partitioning  the  water  power  among  the  several 
privileges  at  Big  Rapids. 

The  Newaygo  dam  is  the  first  one  alx)ve  the  mouth  of  the  stream. 
An  effective  head  of  14  feet  is  obtained  there.  Power  is  also  developed 
at  Big  Rapids,  where  tliere  are  two  dams.  The  lower  dam  is  a  rough 
timber  structure,  built  with  a  view  to  its  use  in  log  driving.  One 
hundred  and  seventy-two  hoi"S(*pow«»r  is  now  in  use  for  the  genera- 
tion of  electricity,  the  head  obtained  being  8  feet.  At  the  upper  dam  in 
Big  Rapids  power  is  distributed  through  two  lateral  hydraulic  cauals. 
The  total  flow  is  estimated  as  equivalent  to  the  discharge  through  an 
orifice  of  6,758  square  inches  area  under  a  head  of  8  feet,  with  a 
coefliciont  of  contraction  of  0.7.  Kach  user  is  entitled  to  install 
wheels  having  a  certain  number  of  s<iuaro  inches  vent.  The  heaJ 
varies  from  OA  to  11  feet,  the  average  or  ordinary  head  being  S  or 0 
feet.  The  rated  power  of  the  turbines  installed  is  (JOS  horsepower. 
It  is  stated  that  but  o/iO  horsepower  is  actufilly  in  use.  The  power 
utilized  at  Newaygo  and  I>ig  Rapids  aggn^^ates  1,(m)0  horseiwwer. 
Aside  from  the  foregoing,  there  is  no  power  developed  within  the 
drainage  basin,  except  in  a  small  way  on  certain  tributaries. 

From  the  vicinity  of  Evart  to  Newaygo,  Muskegon  River  flows 
between  high  banks,  and  has  a  rapi<l  fall.  Levels,  which  have  been 
run  for  this  puri)0se,  show  that  within  a  distance  of  10  miles,  o  miles 
each  way  from  i>ig  Kapids,  there  is  a  total  fall  of  I'U  feet.  Of  this 
It;  feet  is  now  utilized,  heaving  an  available*  fall  of  ss  feet.  There 
are  favorable  sites  for  the  location  of  <lanis,  so  that  practically  the 
entire*  fall  could  be  economically  <l(»velope(L  At  Kogers's  briilire,  •' 
miles  below  Hig  Kapids,  surveys  have  been  made  for  the  erection  '>^ 
a  dam  to  give  a  liea<l  of  .'^*)  fe(»t. 

In  connection  with  power  development,  good  opportunities  exi?>^ 
for  the  eonservation  of  How  bv  artificial  storage.  The  water-surfa^<^ 
areas  of  tlie  principal  lakes  of  the  watershed  and  of  the  tributary 
drainage  which  they  control  is  given  below. 
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Drainage  and  surface  areas  of  lakes  in  Muskegon  Biver  icatershecU 


I 

Lake.  ^'**'^' 

^^  age  area. 


Water 
snrfaoe. 


Kuknt  Lake  and  groap 

dm  Lakes -.. 

ffifyfuLake 

Boaglitao  Lake  (not  inolnding  Higginfi  Lake) 
HilpoB  and  Hooghton  lakes 


So.  mile*.  So.  milea. 

57  8.U 

d7  6.7 

m  15.  U 

185  31.0 

258  4A.0 


In  the  upx)er  portion  of  the  watershed  there  is  a  total  lake  area  of 
about  110  square  miles.  Formerly  a  lumbermen's  dam  was  main- 
tained for  the  purpose  of  flooding  logs  between  Houghton  and  Higgins 
lakeSy  but  this  has  been  washed  out.  A  properly  constructed  dam 
at  this  site  would  flow  an  area  of  15  square  miles  and  would  yield  a 
storage  of  400,000,000  cubic  feet  per  foot  of  depth.  A  lumbermen's 
dam,  bnilt  of  logs  and  earth,  which  still  remains  about  a  mile  below 
the  foot  of  Houghton  Lake,  raises  the  water  level  in  that  lake  4  feet, 
providing  a  storage  of,  in  round  numbers,  3,350,000,000  cubic  feet. 
Thomas  H.  Coughlin,  superintendent  of  the  Muskegon  Booming  Com- 
pany, states  that  a  dam  could  be  constructed  at  this  site  which  would 
admit  of  a  total  storage  8  feet  in  depth  and  would  greatly  increase  the 
flooded  area  over  that  of  the  present  lake. 

HURON  RIVBR,   MICHIGAN. 

This  river  receives  drainage  from  a  broad,  flat  basin  interspersed 
with  lakes,  situated  in  southeastern  Michigan.  The  inland  basin  is 
connected  with  Lake  Erie  by  a  long,  narrow  valley,  in  which  occurs  a 
large  portion  of  the  fall  and  available  power  of  the  stream.^  A  gaging 
station  has  been  established  at  Ann  Arbor,  under  the  immediate 
charge  of  Prof.  J.  B.  Davis,  of  the  University  o^  Michigan.  Current- 
meter  measurements  are  made  from  a  temporary  bridge  or  by  fording. 
The  stream  at  this  point  is  winding.  It  flows  in  a  shallow  channel, 
and  ordinarily  does  not  overflow  its  banks.  The  l)ed  is  generally  of 
gravel.  The  river  usually  freezes  over  during  the  winter,  except 
immediately  below  the  dams.  Natural  storage  in  the  numerous  lakes 
and  marshes  regulates  the  flow  to  some  extent.  The  character  of  the 
watershed  has  changed  somewhat  in  recent  years.  Areas  of  tama- 
rack swamp  lands,  the  soil  of  which  was  formerly  a  quaking  bog,  have 
been  cleared  and  drained  and  are  now  under  cultivation.  The  drain- 
^ area  above  the  mouth  of  the  river  is  1,043  square  miles;  above 
Ann  Arbor  it  is  841  square  miles.  A  gaging  of  the  bank-full  flow  of 
the  stream  at  the  Geddes  dam,  3  miles  below  Ann  Arbor,  was  made  by 
Professor  DaAns,  and  the  estimat<?d  discharge  was  1,200  second-feet. 
The  GMdes  dam  has  a  flat  crest  and  is  practically  water  tight.     The 


'A  report  on  the  water  power  of  Haron  River,  by  James  T.  Groenleaf,  C.  E.,  was  published  in 
tb«  Tenth  Census  of  the  United  States,  VoL  XVI,  Water  Power,  Pt.  I,  pp.  449-405. 
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length  of  the  crest  is  20()  feet  and  the  depth  of  water  on  the  crest  at 
the  time  tho  measurement  was  made  was  1.7  feet. 

THUNDER   BAY   RIVER,  MICHIGAN. 

Thunder  Bay  River  is  joined  by  two  large  branches  8  and  10  miki 
above  its  mouth,  respectively.  These  branches,  as  well  as  the  mail 
stream,  are  further  subdivided  at  short  distances  upstream,  so  that 
the  river  is  of  relatively'  small  magnitude,  except  for  a  few  milfli 


near  its  mouth,  where  occurs  the  outcrop  of  the  Traverse  shaleSi 
It  is  in  passing  over  this  rock  ledge  that  the  most  rapid  fall  of  the 
stream  occurs.  The  drainage  area  was  formerly  heavily  timbered  with 
Michigan  pine.  Most  of  the  pine  has,  however,  been  cut,  but  a  large 
amount  of  small  conifers,  hard  woods,  white  birch,  and  cedar  remaiiu» 
so  that  the  watershed  may  be  considered  as  representing  a  forested 
rather  than  a  cleared  area.  A  record  of  precipitation  is  kept  at  Alpena, 
near  the  mouth  of  the  stream.  The  outcrop  of  the  Traverse  and  St  } 
Clair  shales  crosses  the  watershed  in  a  northeast-southwest  direction,  * 
crossing  the  river  channel  a  few  miles  west  of  Alpena.  The  surface  '"■ 
above  the  line  of  this  outcrop  is  almost  continuous  limestone,  com-  ', 
posed  of  calcium  carbonate  of  96  to  98  per  cent  purity,  small  areas 
being  covered  with  sand  or  with  thin  drift  deposits. 

No  water  powers  of  importance  have  been  developed  on  either 
of  the  branches.  On  the  main  sti'eam  there  are  two  power  dama. 
The  lower  one,  which  is  at  Alpena,  was  constructed  in  1862.  It  ia 
1  mile  from  the  head  of  Thunder  Bay,  an  arm  of  Lake  Huron.  The 
river  is  navigable  to  the  dam,  forming  a  harbor.  The  dam  and 
privileges  of  the  river  are  owned  jointly  l\v  tlie  Alpena  Waterworks 
Company  and  tlie  Alpena  Booming  Company.  The  water  wheels 
installed  have  a  rated  capacity  of  804  liorsc power  under  a  head  of  9 
feet.  The  po\>er  is  used  for  punii)ing  the  municipal  water  supply 
and  for  tlie  generation  of  electricity.  The  second  dam  is  at  the  mill 
of  the  Fletcher  Paper  Company,  4  miles  above  Alpena,  and  2,1)130 
horsepower  is  developed  from  a  fall  of  17  f(»et.  The  only  dams  above 
the  Fletcher  mills  are  those  used  for  floating  logs.  Spruce  dam,  at 
Long  Rapids,  gives  a  head  of  7  or  S  feet.  At  Lower  Rapids  a  head 
of  20  feet  could  be  obtained  by  the  construction  of  a  dam. 

The  drainage  basin  of  Thunder  Bay  River  contains  thirty  lakes,  with 
an  average  area  of  about  1  square  mile.  In  addition  to  these  is  Hub- 
bard Lake,  which  has  <i  water  surface  of  J 3.4  square  miles.  A  timber 
dam  at  the  foot  of  tho  latter  lake  produces  a  storage  depth  of  o  feet, 
with  an  aggregate^  storage  capacity  of  l,8(;7,oO(),oi)()  cubic  feet,  equiva- 
lent to  a  flow  of  68  second-feet  for  thirty  days.  A  similar  dam  at  the 
foot  of  Beaver  Lake  gives  a  storaire  (lei)th  of  ♦'»  feet.  The  water  from 
Beaver  Lake  is  used  chiefly  for  driving  logs. 

The  limestone  area  contains  numerous  sink  holes,  often  <leep  and 
precipitous.    Surface  water  entei'ing  thesc^  pits  disappears  with  greater 
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w  less  rapidity  by  finding  outlets  to  a  lower  level  through  limestone 
Lssures.  Such  a  X)oeket,  known  as  Sunken  Lake,  is  locateil  near  the 
lorth  branch  of  Thunder  Bay  River,  and  it  absorbed  the  entire  flow 
>f  that  tributary',  involving  a  considerable  loss  to  power  users,  until, 
In  19(X»,  a  clay  puddle  dam  was  constructed  across  the  cliannel  lead- 
ing from  the  stream  to  the  sink  hole  in  such  a  manner  as  to  turn  the 
irmter  down  its  original  channel.  Owing  to  the  pervious  nature  of  the 
took  strata  the  effective  and  apparent  boundaries  of  the  watershed 
may  differ  materially. 
The  drainage  areas  tributarj'^  to  the  stream  are  as  follows: 

'    iihiage  areas  of  Thunder  Bay  River  and  tributaries. 


Stream. 


BoBth  Bnmch ....... 

Wortli  Brmnefa 

niaiider  Bay  BiTer 

Do 

Do 

HnUmrdLako 

Do 


LocBtion.  i    Area. 

1 


\Sq.miU9. 

Above  month i  454 

do I  199 

Above  mouth  of  North  Branch 580 

Above  mouth  of  South  Branch 780 

At  Alpena 1,287 

(Water  surface) 134 

(Drainage  area) 148 


A  gaging  station  has  been  established  in  connection  with  the  dam 
and  mill  of  the  Fletcher  Paper  Company.  The  record  kept  includes 
the  depth  flowing  over  the  main  dam  and  logway  and  the  discharge 
Qirough  the  turbines.  There  are  four  pairs  of  Trump  Model  wheels 
Bet  on  horizontal  shafts.  The  water  wheels  are  not  run  otherwise 
than  at  full  gate.  The  dam,  which  is  of  timber  crib  work  filled  with 
stone,  is  on  a  limestone  rock  foundation  and  is  20  feet  high  and  454 
feet  long  between  abutments.  A  log  slide  divides  the  spillway  into 
two  sections.  The  slide  has  a  channel  6  feet  in  width  and  is  closed 
by  plank  fiashboards  to  an  elevation  of  1  foot  above  the  crest  line. 
The  spillway  has  a  vertical  face  and  a  crest  4  feet  in  width,  sloping 
upstream,  ^\ith  a  batter  of  1  vertical  to  5  horizontal.  The  upstream 
face  of  the  dam  has  a  batter  of  about  3  horizontal  to  1  vertical.  The 
left  section  of  the  spillway  is  255^  teet  long.  The  flat  crest  is  covered 
with  sheet  iron,  slightly  rounded  at  the  lip.  The  riglit  spillway  sec- 
tion is  181.7  feet  in  length,  and  the  crest  is  faced  with  planking. 

ST.  JOSEPH   RIVER,  MICHIGAN. 

St  Joseph  River  rises  at  Bunday  Hills,  in  northern  Hillsdale  County, 
Michigan,  fiows  southwesterly  into  Indiana,  turns  northward  at  South 
Bend,  recrosses  the  State  line  near  Bertraiid,  and  debouelies  into 
Lake  Michigan  at  St.  Joseph.  The  total  area  drained  is,  approxi- 
Biately,  4,586  square  miles,  of  which  2,916  square  miles  are  in  Michi- 
gan and  1,670  square  miles  in  Indiana.  The  drainage  basin  contains 
inore  than  400  small  lakes,  varying  in  surface  area  from  an  eighth  of 
a  square  mile  to  6  square  miles.     Of  these,  approximately  100  are  in 
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Indiana  and  300  in  Michi^H.     Xo  sitorage  is  developed  on  the 

Tiift  tlrainage  areas  of  the  river  and  its  more  importADt  tiibntaiiN 

are  given  in  the  following  table: 


Drainage 

area*  of  St.  Jom:t>h  Ritvr  ami  iU  tributaries. 

Ktreun. 

Lootlou 

Area 

Bt.  JoH^  River 

Sg.mi 

I, 
1. 

! 

Sr^;;;:;;;;;:;;; 

St.  Joociili  River 

Belnw  Three  Rivera 

AboveNiles 

inSSK-:::::::::: 

St-'joSeph  Blver 

Above  oioath  or  Pawpaw  River .. 

Above  moD lb 

The  drainage  basin  lies  in  n  completely  glaciated  region,  and  if! 
overlain  with  diversifietl  drift  deposits.  The  current  of  the  mtr  i 
from  South  Bend  to  its  month  was  formerly  reversed,  and  this  %'alley 
formed  an  outlet  for  the  waters  of  Lake  Michigan,  which  turned  lo 
the  southwest,  through  Kankakee  River,  at  South  llend,  and  tliui 
reached  the  Mississippi  through  Illinois  River.  I*verett  states' that 
there  is  still  a  well-deliuMi  river  channel  eonneetlug  St.  .Joseph  Kiver 
with  the  Kanliakee,  the  surface  of  which,  where  it  leaves  the  St. 
Joseph,  is  but  ^S  or  50  feet  above  the  present  low-water  surface  of 
that  stream.  The  watershed  of  St.  .Joseph  River  in  Michigan  con- 
tains relatively  little  marsh  land  not  artificially  drained  and  rela- 
tivfly  little  unolearetl  land.  About  a  third  of  tin-  lakes  arc,  however, 
witliiiut  outlet.-i.  The  proportiim  of  undniincd  lakes  in  Indiann  is 
siimller,  and  the  swamp  lands  iii-e  much  mon.'  extensive. 

Elkhart  River,  one  of  the  priiu-ipal  Indiana  iriliuiaries  of  tUeSt- 
JosHph,  drains  an  an-a  of  alH)ul  -inn  .sqnaiv  miles  which  coniains 
largt;  lakes  and  extended  swamp  an-as,  with  the  |)rinoipal  fall  owiir- 
ring  in  the  imssage  of  the  slivam  from  mai'sli  lu  marsh. 

St.Josei>h  River  was  funnerly  navigable  for  IhwHs  as  far  asElkliari, 
or  perhaps  alHivo,  and  the  older  dams  weiv  provided  with  locks,  long 
since  abandoned  and  closed.  Prof.  .Tames  l)u  Shane  is  of  the  opinion 
tbatatthe  present  time  the  low-water  depth  of  the  river  over  the  rap- 
ids is  from  IMo  2  feet.  A  rise  of  .1  feet  represents  ordinary  hifth 
water,  and  a  riseof  Sfeei  ivpi-esentsextivme  high  water.  Within thf 
last  twenty-two  years  two  froshets  have  occurred  which  raised  lli« 
water  in  some  portions  of  the  river  higher  than  liere  given.  Thenvt■^ 
age  width  fnmi  Ijjiiik  to  bank  is  400  fi-ct,  and  the  average  slope  from 
Elkharl  to  llerrien  Springs  is  3.1  feet  to  the  mile. 

The  first  wali'r-i)ower  mill  in  southwestern  Michigan  waseonslrupl*^ 
by  Kli  Koi-d.  in  ]s-27.  on  IJowagiac  Cn-ek,  near  its  eonflneni-e  withal. 

■■  Wit«p  ruw.iirci-«  ot  Imliann  hdJ  Oblo.  hj  Kriiiik  I...v.Teit;  Eiuliiounih  Ami.  Reiit.  L'.  S.  OwL 
Surver.  Pt.  iV,  i>.  13a. 
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veVy  at  Niles.  This  mill,  known  as  the  Volant-e  mill,  has 
eration  since  1828.  Power  development  on  St.  Joseph  River 
a  somewhat  later  date.  T'le  dam  at  Niles  was  built  about 
Sonth'  Bend  the  power  was  developed  by  the  South  Hend 
uring  Company,  and  was  sold  in  the  form  of  right44  to 
through  wheels  of  a  certain  number  of  square  inches  vent 
e  available  head.  The  dam  is  10  feet  high,  with  lateral 
lals  on  each  side.  Under  an  order  of  the  court  the  water  is 
ntained  at  a  stage  not  lower  than  6  inches  below  the  crest  of 

Nineteen  privileges  have  been  granted,  ^ailing  for  a  flow 

cubic  feet  per  second  under  a  head  of  9.5  feet.     Fourteen 

privileges  are  now  in  use.     The  minimum  flow  of  the  stream 

considered  to  be  1,000  second-feet,  but  it  is  stated  t-o  have 
iiderably  lower  during  the  months  of  July  and  August,  1895. 
,rt  there  is  a  similar  power  development,  the  flow  of  the 
ing  divided  among  eleven  mills.  The  power  at  Elkhart  was 
divided  by  priority,  the  amount  being  specified  as  so  many 
one,  or  ** sufficient  for  the  purpose  of  the  mill." 
Lowing  table  gives  the  principal  facts  regarding  water  power 
Joseph  River  Basin,  so  far  as  reported : 

Developed  urater  povoers  in  St.  Joseph  River  BcuHn. 


Location. 

Dam 
number. 

Number 
of  mills 
at  dam. 

Effective  head  or  fall 

Rated 

power  of 

water 

wheels 

reported. 

• 

Greatest 
Fett. 

Least. 
Feti. 

Average. 

ver  . . . 

Buchanan 

NUes 

South  Bend 

Mishawaka 

Elkhart 

1 
2 
3 
4 
5 
6 

1 

8 

9 

10 

1 
o 

9* 

3 

1 

♦> 

i 

1 

1 

1 

2 

1 
1 

o 

w 

3 

1 
1 

1 
1 
2 

3 

1               3 

Ftet. 
11.0 
12.0 
9.5 
10.0 
10.0 

Horae- 
pouxr. 

2 

14 
3 
3 

4,018 

12.0 
11.0 
13.0 

4.0 
7.0 
6.0 

1.760 
1.9(30 

Constantino 

Three  Rivers.... 
Below  Mendon  . . 

Burlington 

Tekonsha... 

Watervliet 

Hartford 

Lawrence 

Pawpaw 

3 

10.0 

6.0 

8.5 

600 

::::::::::  :::::::: 

er 

1 
1 

8.0 
14.0 

6.0 
6.0 


7.0 
10.0 

89 
600 

1 

ch    of 

1 
1 

14.0 
17.0 

12.5 

13.5 
17.0 

132 

Ter. 

do 

108 

t 

'  Almena 



eek.... 

Niles 

2 

1 

1 

12.0 
14.5 

356 

Above  Niles 

Summerville 

Dowa^ac 

Lagrange 

Elkhart  

do 

715 

ek 

cb    of 
/TeeiL. 

1 

10.0 

8.0 

9.0 



95 

reek 

r:::::  !::::::: 

»r 

8.5 
17.0 

4.0 
10.0 

7.0 
14.5 

60 

1  GoAhen 

2 

700 

Benton 

ir 

Three  Rivers.... 
do 

1 
1 
1 
1 
1 

1 

1 

io.y 

15.0 

10.0 

9.0 

1 .        .... 

8.6 

11.0 

5.0 

9.5 

14.0 

8.0 

9.0 

297 
469 

Colon 

107 

iver  - . . 

1  Union  City 

1  Above     Union 
City. 

Hodunk 

Athens 

63 

1 

1 

1 

1 

«k 

I           9.0 

!           6.5 

1 



8.0 

86 
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There  are  a  uumter  of  undeveloped  powers  between  the  presei 
dams,  and  projects  are  now  formed  to  utilize  them.  The  power  is 
be  used  largely  for  the  generation  of  elei?tricity  for  transmission 
neighl)oring  towns.  A  part  of  it  will  supplement  the  power  at  ew^\ 
ing  dams.  At  Berrien  Springs,  Michigan,  a  conei-ete  dam  30  feet  ia 
height  is  proposed.  This  will  make  available  a  fall  of  20  feet.  EighV- 
een  water  wheels  of  a  rated  capacity  of  7,500  horsepower  are  to  be 
installed.  This  power  is  in  sec.  18,  T.  17  W.,  R.  6  S.,  Michigan  merid- 
ian. At  Bertrand,  Michigan,  a  fall  of  12  feet  could  be  obtained  bf 
the  construction  of  a  suitable  dam. 

Two  available  sites  for  dams  exist  between  Mishawaka  and  Elk- 
hart, Indiana.  The  former  is  in  sec.  11,  T.  38  N.,  K.  2  E.,  second 
principal  meridian,  where  a  12-foot  fall  is  available.  The  width  of 
the  river  is  about  350  feet.  The  latter  sit^,  called  the  Twin  Branch' 
site,  is  in  sec.  12,  T.  37  X.,  R.  3  E.,  second  principal  meridian.  A 
dam  422  feet  long  is  proxK)sed  at  this  point,  which  would  make  avail- 
able a  fall  of  21  feet. 

At  Bristol,  Indiana,  a  dam  formerly  existed,  but  it  was  washed  out 
A  site  exists  in  sec.  31,  T.  38  N.,  R.  5  E.,  second  principal  meridian, 
where  a  fall  of  IC  feet  could  be  obtained  by  the  construction  of  a  dan 
600  feet  in  length. 

At  Mottville,  Michigan,  in  sec.  6,  T  8  S.,  R.  5  W.,  Michigan  meridian, 
a  fall  of  9^  feet  could  be  obtained  by  the  construction  of  a  dam  540 
feet  in  length. 

An  undeveloped  water  power  also  exists  near  Three  Rivers,  Michigan, 
in  sec.  I,  T.  «;  S.,  R.  11  W.,  where  about  9  feet  fall  could  be  obtiiined- 

The  available?  power  of  tributaries  of  St.  .Tosepli  River  is  of  little 
value,  as  is  indicated  by  the  existence  of  numerous  abandoned  sites 
where  dams  have  been  carried  away  1  >y  freshets.  At  Ligonier,  Indiana, 
a  dam  formerly  exist «mI  on  Elkhart  River,  but  it  was  wtished  out. 
There  an^  three  undeveloped  powers  on  Pawpaw  River,  ir  Antwerp 
Townshij),  Van  Bureu  County,  Michigan,  with  fails  of  9  feet,  U  feet, 
and  U  feet,  n»si)ectively. 

Arrangements  have  l)een  made  with  the  l>eri'i(Mi  Springs  Power 
Company  for  the  maintenance  of  a  record  of  flow  of  St.  Joseph  River 
at  their  plant  when  completed.  The  record  will  include  discharge 
over  the  SOO-foot  concrete  dam,  and  the  run  of  water  wheels,  which 
will  be  IS  in  number,  arranged  in  sets  of  three  pairs  each.  In  the 
meantime  a  temporary  gaging  station  has  been  established  at  the 
dam  of  the  Herrien  Si)rings  Power  Company  at  Buchanan,  Michigan, 
10  miles  above  I>errien  Si)rings.  The  <lam  is  of  timber,  of  the  Heaitls- 
ley  gravity  type,  with  a  straight  cr(»st  approximately  400  feet  long- 
It  is  U.H:\  feet  high,  and  is  built  on  an  earth  foundation. 

In  January,  18iU,  the  following  gaging  of  St.  Joseph  River  was  made 
by  John  F.  Meighanat  Leepers  Bridge,  1  mile  below  the  dam  at  Soutb- 
Bend: 
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rge  measurement  of  St  Joseph  River  at  Leepers  Bridge  in  January ^  1891, 

Elevation  of  water  surface  above  city  datnm (feet) . .  7. 57 

Area  of  cross  section (sqnare  feet) . .  1. 232 

Wetted  perimeter  -     .  (lineal  feet)..  362.91 

Hydraulic  mean  radius  . .     4. 686 

Slope (feet  per  foot)..  0.000378 

Coefficient  of  roughness  in  Eutter's  formula 0. 030 

Coefficient  c  in  Kutter's  formula 65 

Mean  velocity (feet  per  second)   .  2.785 

Discharge (second-feet)..  3,369 

stated  depth  of  extreme  high  water  on  the  crest  of  the  Niles 
is  5  feet,  indicating  a  freshet  discharge  of  about  15,(X)0  second- 
it*,  or  4.5  second-feet  per  sqxiai'e  mile.     The  extreme  high- water  flow 
the  Dowagiac  River  dam  at  Niles  is  stated  to  be  2  feet  depth  on 
«  crest  of  the  120-foot  spillway,  corresponding  to  a  flow  of  about 
SOO  second-feet,  or  4.3  second-feet  per  square  mile,  from  a  drainage 
of  281  square  miles. 


KALAMAZOO   RIVER,  MICHIGAN. 


The  details  of  the  hydrography  of  this  stream  have  been  given  in 
earlier  report.^  The  drainage  areas  of  the  river  and  its  tributaries 
as  follows: 


Drainage  areas  of  Kalamazoo  River  aiid  its  tributaries* 


stream. 


'orth  Branch  of  Kalamazoo  River, 
th  Branch  of  Kalamazoo  River. . 

oo  River 

Do  

Do 

tie  Creek 

azoo  River 

Do 

Do 

Do 


Location. 


Albion 

do 

Below  Junction  of  North  and  South  branches. 

Marshall 

Above  Battle  Creek 

At  month 

Below  Battle  Creek 

At  Plainwell 

At  Allegan 

At  month 


Area. 


So.  milea. 

138 

136 

274 

443 

OOB 

244 

847 

1,307 

1,608 

2.004 


The  accompanying  table  gives  a  summary  of  the  developed  water 
powers  of  the  drainage  basin.  Most  of  the  powers  on  the  main  stream 
are  utilized.  In  1898-99  a  dam  giving  23  feet  head  was  built  between 
Allegan  and  Otsego,  to  develop  2,000  horsepower  for  electrical  trans- 
mission. This  plant  has  the  merit  of  being  the  first  large  long-dis- 
tance transmission  plant  in  the  State.^  A  portion  of  the  fall  between 
this  dam  and  Allegan  is  still  undeveloped,  and  it  is  claimed  that  a 
head  of  20  feet  could  be  obtained  by  the  construction  of  a  dam  2 
miles  above  that  city.  Above  Otsego,  on  the  main  river,  there  are  one 
or  two  rapids  having  falls  of  several  feet  which  are  not  yet  developed. 


Boppiyndlnlltinn 


on  the  nm*off  and  water  power  of  Kalamazoo  River,  by  Robert  E.  Horton:  Water- 
F^p«r  U.  8.  Oeol.  Snrvey  No.  30,  pp.  22-38. 

pp.  84-91;  also  Engineering  Record,  Jan.  13, 1900. 
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Developed  water  powers  in  Kalamazoo  River  Basin. 


LocatioD. 

■ 

1 
Number 
of  dam. 

Number 
of  mills 
at  dam. 

Effect 
Greatest. 

ive  head  < 

>rfalL      I 
Average. 

Feet. 

-    , 

Batia 

power    . 
of  wak«  .■ 

whe*  ^ 
rsportn-  ^ 

Stroun. 

Least 
Ftet. 

AiiAgan - 

1 

3 
4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

U 

15 

1 

2 

3 

4 

1 

1 
o 

3 

1 
1 
2 
3 

1 

12 
1 
5 
5 
1 

Fett 

Ham-  \ 

Do 

Above  Allegan  — 

Otsego 

Plainwell 

28.0 

12.0 

0.0 

12.0 

IW 

Do 

1.S 

Do 

M 

Do 

Battle  Creek 

....  do 

12 

io 

M 

Do 

Do       

Cereeco  .. 

8'6" 

6.0 
13.0 

3 

Do    

M^t^hftli 

(a) 

Do  

do 

14 

12 

M 

Do 

Marengo.. 

111 

North  Branch 

Albion 

NewborgMillii.... 
Bath  Mills 

."  i 

Do 

i 

Do 

a 

Do. 

Concord 

'"'*"o."6" 

10.0 

us 

Do  

Horton . ... 

s 

Ronth  Rranch  .... 

Albion 

Do 

North  Homer 

Homer 

• 

Do.— i 

94 

Do 

Moshenrille 

m 

Rir«  Creek.... . 

12.0 
6.0 

191 

Battle  Creek 

Battle  Creek 

Bellevne ..-. 

in 

Do 

Do 

Olivet 

Aiunista  Creek... 

Oali  Lake  outlet.. 

Do 

Augusta - .- 

18 
18 
12 

17 
12 
10 

18.0 
18.0 

n.o 

20.0 
11.5 

9W 

Oafosburg. 

HowlandsDurg  — 
Yorkville 

81 
90 

Do 

00 

Oomfftook  Creek . . 

Comstock 

12 

SB 

Portage  Creek — 
Wilder  Creek 

Kalamazoo 

Ek*kford 

Wabaaacon  Creek 

Bedford 

Coixistock  Creek . . 

Above  Comstock .. 

2 

1 

28.0 

0 

a  Undershot  water  wheel. 

It  is  Stated  that  a  dam  could  be  built  1  mile  alK)ve  the  mouth  of 
Swan  Creek,  which  enters  Kalamazoo  River  8  miles  below  Allegan, 
aud  a  head  of  4U  feet  Ix^  obtained. 

During  a  portion  of  11)00  a  daily  record  of  the  river  stage  was  kept 
at  Kalamazoo,  the  results  of  which  are  given  on  the  following  page. 
Earlier  records  will  be  found  in  Water-Supply  Paper  No.  30,  page  30. 
Arrangements  have  In^en  made  for  the  maintenance  of  a  gaging  record 
at  the  electric-power  dam  at  Trowbridgi^  0  miles  above  Allegan.  The 
plant  includes  four  paii>j  of  -to-inch  Letfel-Sampson  turbines  on  hori- 
zontal shafts.  The  gate  opi^ning  and  discharge  of  two  pairs  are  con- 
trolled by  Lombard  governors.  The  excess  of  flow  not  taken  by  the 
turbines  is  discharged  over  a  spillway  having  three  Taint  or  fl<)0<l 
gates,  each  20  feet  long.  I'he  spillways  have  flat  crests  -Jo  feet  in 
width,  with  slopes  of  1  to  1  on  the  upstream  and  downstream  laces. 
The  discharge  on  the  downstream  side  is  received  on  a  floating  apn>n 
20  feel  in  width,  which  is  anchored  to  the  flood-gate  crii)s  by  chains*. 
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^loiil^  gage  height^  in  feet,  of  Kalamazoo  River  at  foot  of  SMdon  street,  Kala- 
mazoo ^  Michigan,  for  1900. 


1 

Sept. 

Day. 

8ept. 

Day. 

Sept.  1 

Day. 

Sept. 

Day. 

Sept. 

6 

68.45  1 
6B.3S  ' 

68.25  ' 

1 

U 

12 

18 

14 

15 

68.20 
68.15 
68.00 
67.90 
68.02 

16 

21 

26 

. 

7 

17 

t 

22 

27 

8 

18 

19 

20 

68.05 
67.90 
67.90 

23 

28 

9 

24 

f  29 

30 

67.90    , 

10 

68.15 

25 

NoTZ.— On  Augnst  9  the  gage  height  was  6a 50  feet. 

iQy  gage  height^  in  feet,  of  Kalamazoo  River  at  Ovll  street,  Kalamazoo.  Michigan, 

for  1901. 


Day. 


20. 
21. 

22- 


Mar. 

Day. 

Mar. 

I     Day. 

Mar. 

71. 10 
'    71.72  ' 

1 

23 

24 

25 

1 

71.87 
71.66 
71.52 

96 

27 

71.40 

1/  72.12 
:\  71.97  i 

128 

n.48 

Day. 

Mar. 

t 

29 

30 

'  71.27 

31. :::!:::::::: 

Note.— Gage  height  on  April  1  was  70.04  feet,  and  on  April  12,  68.02  feet. 

)in2]f  gage  height,  in  feet,  of  Kalamazoo  River  at  extension  of  Paterson  street, 

Kalamazoo,  Michigan,  for  1900, 


Day. 

Sept. 

Day. 

Sept. 

Day. 

Sept. 

Day. 

Sept. 

Day. 

Sept. 

68.71 
68.54 
68.47 
68.41 

6 

7 

8 

9 

10 

68.10 
68.28 
68.10 
68.10 
67.99 

11 

12 

67.90 

1 

18 

17 

21 

22 

28 

24 

68.20 
67.98 
67.94 
68.09 

V.  ««•««« 

18 

18 

14 

1 

19 

c 

15 

20 

i 

-■■ 

1 

STREAMS  OP  NORTHERN   PENINSULA  OF  MICHIGAN. 

The  streams  of  the  northern  peninsula  of  Michigan  are  contrasted 
^th  those  of  the  southern  portion  of  the  State  by  their  steep  sloi^es, 
ocky  channels,  and  occasional  waterfalls.  They  possess  numerous 
'ater  powers,  which  are  almost  wholly  undeveloped,  and  many  of 
'hich  are  in  close  proximity  to  the  mining  centers  of  the  iron  and 
opper  region.  Arrangements  are  being  made  for  the  establishment 
f  a  gaging  station  on  one  of  the  larger  streams. 

On  Ontonagon  River  at  Glenns  Falls  a  head  of  UX)  feet  could  be 
btained,  which  would  yield  an  estimated  minimum  of  4,500  lioi'so- 
ower.    This  is  in  sec.  31,  T.  50  N.,  R.  :31  W.,  about  three-fourths  of 

mile  south  of  the  Victoria  mine.  Ontonagon  River  is  the  lai'gest 
Ake  Superior  tributary  in  Michigan.  It  extends  entirely  across  the 
northern  peninsula,  and  finds  its  headwaters  in  a  region  of  numerous 
Jmall  lakes  near  the  Wisconsin-Michigan  line.  Its  fall  is  mostly  con- 
centrated in  the  short  stretch  between  the  summit  of  the  Michigan 
^nge  at  Rockland  and  its  entrance  to  Lake  Superior  at  Ontonagon. 
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Owing  to  the  lack  of  a  map  on  suitable  scale,  the  drainage  area 
not  at  present  be  estimated. 

Dead  River,  tnbutary  to  Lake  Superior  at  Marquette,  jKissesses  a 
fall  of  850  feet  in  a  distance  of  10  miles. 

Much  of  the  southern  slope  of  the  upper  peninsula  drains  into 
Menominee  River,  a  tributary  of  Green  Bay.  A  report  on  that  river 
was  published  in  the  Tenth  Census  of  the  United  States.'  Other 
streams  possessing  good  falls  and  opportunities  for  lake  storage  in  the 
region  of  their  headwaters  are  the  Escanaba,  Maiiistique,  Michigammei 
and  Tahquemenon  rivers. 

MISSISSIPPI    RIVER   AT   ST.    PAUL,  MINNESOTA. 

Records  of  gage  heights  are  maiiitaiiied  by  the  United  States  Weather 
Bureau  at  St.  Paul,  and  are  furnished  to  the  (reological  Survey.  The 
stjition  is  described  in  Wator-Siipply  Paper  No.  30,  page  194. 

Daily  gage  height,  in  feet,  of  Mississippi  River  at  St.  Paul,  Minnesota,  for  l^fO. 


Day. 


Jan.  ■  Feb. 


1 

1 

1 

2 i 

i:::::::..:  -  1 ! 

4 

5 

1   o4.4 

m                m         ■    •          •  •   • 

1 

0 

.....I......     - 

(iti.3     a3.2 

i       ... . 

....J 

8 i 1 

«... : • 

10 

11 

!:>  .       ...     _        

13 

14 

alio 

rtft.l    

,  a'3.7 

15 

1« ' 

17 

18                    -  .               .            -  -  -  . 

1ft ! 

*^) 

or   1 

M.  •!         ....... 

21 



(i3.H 

22 

a-.i.: 

23        

24     

25 

2ii 

27 : 

2^ 

a:i2    

29 

1 

30 

31 

1  a:m 

1 

i 

a3.7 

Apr. 

May. 
3.7 

.Tnnft. 

July. 

Auk. 
1.1  1 

Sept. 

Oct. 

Nov. 

D«c. 

1 

3.4 

3.2 

O.H 

5.4 

5.8 

4.5 

t* 

3.0 

3.7 

3.0 

1.2 

5.3 

5.8 

4.5 

S.I 

8.2 

3.8 

2.9 

1.0 
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3.0 
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5.0 
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2.7 
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1.0 

1.5 

4.5 

6.0 
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11. 

WEST   GALLATIN    RIVER   NEAR    SALESVILLE,  MONTANA. 

This  station,  which  was  establishod  in  July,  is<»r),  is  located  at  ih^ 
highway  bridge  crossing  tlic  stream  about  o  miles  south  of  SalesviU^* 
It  is  described  in  Water-Supply  Paper  No.  'M),  page  105.     Results  ^^ 
measurements   for   lSi»0   will  be  found  in   the  Twentv-first  AnuU^*^ 


»  Vol.  XVII,  Water  Power,  Pt.II.pp.  71  81. 


lit.  Part  IV,  page  184.     Duriny  I'MXi  the  following  discharge 
>urenu>iit«i  were  made  niider  the  direetion  of  Samuel  Fortier: 


!(«  of  IVett  Gallatin  Rh-er  n 


r  SaUtville,  Montana. 

'  Gue       Dlx- 


.    1,W4     JnlrlS... 

,    3.72;  li         t>o.... 

3.7M  .  Aasustin 

'    i.a»  "  AuKiit<t:!!> 


f  'jage  height,  in  feet,  of  IVfH  Gallaliii  River  iiair  !iale»)-ilh;  Moiitatia,  for 


D»r 

Feb, 

Mar,  Apr, 

Mbj.J 

4.  Ill     It 

.«[ 

3.10,  l-g 

S.30 

iLOO 

iK,!a^ 

!    S 

"":« 

8.0) 

a.w 

is- 

.^'.!?. 

j  4.  HI 

3.au    4.10 
4.(H 

a.«>i .  1 

nne.  .Inly 

Au„ 

Kept 

Oct. 

Ko,. 

D«c. 

a  I-.     4  10 

3(11 

T« 

,,, 

jat 

3.20 

!!! 

Ul 

8.l»  '  3. TCI    3,10  ,  Z.S. 


3,  n 

yir, 

■iin 

ftin 

3.30 

(1 

3,  no 

MIDDLE  CEEEK  NEAR  BOZEMA-V,   MOXTAXA. 

Ilia  station,  which  was  established  Angii.st.  ;i,  IH',I5,  is  loi-ated  in 
idle  Creek  Canyon,  9  miles  from  liozoman.  It  is  described  in 
rter-Supply  Paper  No.  ;Jt>,  page  Il"i.  KesiiIlH  of  uu-axiirements  for 
•Swill  be  found  in  the  Twenty-first  Aiinnal  Ilepurt,  Part  IV,  page 
'.  During  11*00  the  following  mea.su ri^menls  of  discharge  were 
«le  under  the  direction  of  Samuel  Fortier: 

May  33;  OrAgo  height.  0.57  foot;  diacharge.  211  second-feet. 

Jnne  .1;  Qaga  belKbt,  0.9O  foot:  discharge,  .160  seoon.l-feet. 

Jane  IS:  G^(e  height,  U.UO  foot;  discharge.  248  Becond-feet. 

Jane  34:  Gage  height,  O.iM  foot;  discharge,  341  second-feet. 

Joly  7:  Gage  height.  0.2(1  foot:  discharge.  liM  secoud-feet. 

Angnst  15:  Gage  height,  0.02  foot:  discharge,  ol  aecond-t^et. 
JSB  49—01 5 
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June.  JDlr.,Allg.  Sept.  Oot 


4::;-:;:;= 


s:; 


JiUM.  Jolr-  Aos-  Seiit 


g:;:::::::::::::;: 

1 

i 

i::;;;;;E= 

1 

I 


GALLATIN  RIVER  AT  LOGAK,  HONTANA. 

This  station,  which  was  establbhed  Aognst  24,  1893,  hj  F. 
Vewell,  is  located  on  the  bridge  of  the  Northern  Pacific  RailK 
oroesing  the  river  at  Logan.  It  is  described  in  Water-Snpply  Pa] 
So.  86,  pages  197  and  198,  where  will  also  be  fonnd  the  reenlU 
measarements  for  1899.  Daring  1900  the  following  measoremenbi 
dischaq^  were  made  under  the  directton  of  Samuel  Fortier: 

IMtckarge  meatunmtntt  of  OdUaKn  River  at  Logan,  Monta»a, 


Date. 

Ftft. 

charge.  1                         '>•»' 

Srf./rn.'                      IBOO. 

:a 

.£ 

IMO 

l»w.. 

Stc.-i 

^r""'" 1 '" 
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gage  heif/ht,  in  feet,  of  Oallatin  River  at  Logan,  Montana,  forl900. 


r               Ju. 

Feb. 
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Apr.  M.y. 

'to  x.va 
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III 

1 

July. 
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,50      .«> 
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:|!| 
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:SI,  :S 

.HO      .W 
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D. 

"■ 

1  rti 

Ml 

I] 

Ml 

I 

HO 

! 

s 

to 

i 

(0 

i 

1   1 

II 
S    S 

.lU      .00 

If 

!oi>     '.no 

■I!!    fS 

.10 

1  ao 

.a> 

i 

f  s  ISI 

.ou 

' 

1  'iij     :i.(«i      iTO 

;--  - 

.0) 

1(11 

LM 

w ;  s.w     .fid 
.fli  a.»i     .M 

:S   :S   :o« 

'.at     '.vo '  !(» 

!■  -s  1 

:7u   itm    ;oo 

,7U  ,    .HI  ,    .00 

.«l 

.no 

.00 
.00 

:I8 

.10 

:ii) 

;:::::  i.r-v 

t..«- 

."i'il.-"' 

.00 

UADISON  RIVER  NEAR  REDBLUFP,  MONTANA. 

Ation,  which  whs  estahliHhetl  Mh.v  2,  13!i7.  is  located  4  miles 
e  Redbliiff  iron  county  bridgt?  over  the  river  and  IJ  miles 
e  mouth  of  Clierry  Creek.  It  is  descriljed  in  Water-Supply 
0,  37,  page  205.  Results  of  measurements  for  1899  will  l»e 
the  Twenty-first  Annual  Keport,  Part  IV,  page  18t).  Dur- 
the  foUowinjit  measurements  of  discharge  were  made  under 
tion  of  Samuel  Fortier.  Cherry  Cnn-k  flows  into  Madison 
tweenthe  gage  and  the  point  where  tlie  river  is  measured,  and 
arge  should,  therefore,  he  added  to  that  of  the  river  in  order 
I  the  total  discharge  at  the  gage. 


of  Madison  River  near  Redbliiff.  Montana. 


pails  goQe  height,  in  feet,  of  Madiaon  Riivrnear  Bedbiuff,  Mo'itana./cr 

Qb^.  Jan.    TeU  Xmz.  Ai>r.l  Uay.iJane.  Jul;,, AoK-  Sept.  Oct., Vol 


.OU  i  £.40    2.80 
.3U    S.m    2.80  I 


1.10 


^SB   i.vo   i.m  I ' 


S-IO  I  l.HO  '  l.SO 


■  JEFPERSUS    RIVER   AT   SAPPISUTON,  MONTANA. 

'  This  >I(iti.,Ti.  wlii--li  Wits  (.■st^ihlisheii  by  Arthur  P.  Davis  in  1W+, 
lijraTiil  i.ii  III!'  Iiriil^'r  of  it[i>  .Vnri.lu-ni  F')ii-itic  Railroad  crossing!. 
river  at  Sappington.  It  is  described  in  Water-Supply  Paper  No.  J 
pages  206  and  207,  where  will  also  be  found  the  results  of  meaRiu 
ments  for  1899.  During  1900  the  following  lueasurements  of  dischsr, 
were  made  under  the  direction  of  Samuel  Fortier: 

Dueharge  mtaturements  of  Jejfemon  River  at  Sappitiyton,  Montana. 


D.„. 

*., 

■:£1^   " 

Dnw. 

.an 

.a 

IWO 

3.00 

■*   "il8  ! 

im 

Fttt. 

So:.-. 

gj^rt^v^ 
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e  height,  in  feet,  ef  Jtfferaon  River  at  Sappington,  Montana,  for  IIXXK 

Apr.  I  May.  '  Jnne.      July.      AiiR.      Bept.      Oct       Nov.      Ds<-. 


S.W  ,      I. on 


i.Go '    :.» .    s.ao'    s.m 


asoi    VM 


t.TO        2.3D        l.I1U< 

t.eo      z.rt .     i.w  , 

4.fiU        2.3)        l.W 


e.«|    s,tio      i.Hu 


li.IMi      3.1X1        l.ra' 


i.m      i.tn '    s.sn 


a  The  river  wnalrozen  f  mm  jHiiuHry  ]  to  March  H.  iaclnslve. 

MISSOURI  RIVEK  AT  TOWN8END,   MONTANA. 

r\'atioii8  of  gage  heights  are  mnintaiiied  tit  this  place  by  the 
ri  River  Commission,  and  the  i-esults  are  furnished  to  the  Gf  o- 
Suirey  by  the  Corps  of  Engineers,  United  States  Army.     T!ie 

given  are  the  means  of  two  daily  readings  expressed  in  feet 
he  St.  Louis  directrix,  which  is  412.73  feet  above  the  mean 
vel.  The  figures  3,300  have  Ix-en  omitted  from  the  reonrd,  so 
is  necessary  to  add  that  amount  to  the  daily  oljservations  to 
the  elevation  of  the  water  surface  altove  the  St.  Louis  datum, 
ription  of  this  station  will  be  found  in  Water-Supply  I'aper 

page  20ft.  Results  of  measurements  for  18'J!)  will  be  found  in 
enty-first  Annual  Report,  Part.  TV,  page  187.  During  liiW)  the 
ng  discharge  nieasui-ements  were  made  under  the  direction  of 
I  Fortier: 

IHtchargp  tneanurfiuentt  of  JUwuoiifi  Ricer  at  Toiriiifiid,  Montana, 


,"».  .i 


H.KTl  I,  AugnstU,., 
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Daily  gage  height,  infeel,af  MiMouri  Biver  at  Totcntend,  Montana,  for  1900. 

Day-  Jul'  I  F«b.  HkT.  Apr.    May.  June.  July.  Ang.  Sept.   Oct.   "Sm.  On 

1 W.s'bS.B    K.fl  ,  Be.* 'bO.4  I  81.8     8».i  I   BS.S 

t 83.0,88,8    (W,0     mA    m.l.Bl.I     M.l      gb.2 


«e.5|«e.e   fls.i    bd.s    sh.s    t».t   i 


-K.%   ee.s   Mi.H   «.i 

flS.3    8».3    8n.8    91. » 


«.S'  KH.i  '  «6.&    i 


SI 


10.3  !  81. H     fU.t     HH.3  □ 


a  Approiimate;  do  readlni^  received. 
CKOW   CREEK,   MONTANA. 

Crow  Creek,  a  tribatary  of  Missouri  River,  is  in  Jefferson  County, 
AIontaQH.  Its  headwaters  are  at  an  elevation  of  between  7,000  and 
8,<KK)  feet  al>ove  sea  level.  It  flows  in  a  southeasterly  din^ctiim  for 
about  iio  mile.s,  aiulvuiptios  into  Missouri  Kiver;!;)  miles  lielowTiwtoD, 
at  an  elevation  of  about  4.1I0O  feet. 

At  the  foot  of  the  luouutains  tlio  valley  in  approximately  U*  miles 
8<iuare.  Aliout  half  of  it  is  owned  by  t  lie  re-sideiits,  and  aitproxiuiaf  el> 
a  third  of  Ihe  laud  owned  is  bi'ing  ii-ritjaled,  ihouFih  perliaits  scaiitilj 
at  times.  Thi.s  leaves  wiibout  water  aliont  7(1, (XH)  aeivs,  the  gi-oate' 
part  of  it  the  elutiee  lan<l  of  the  valley  and,  aecoi-diug  to  the  fannen 
who  have  made  clTorts  in  that  dii-eetion,  well  adapted  to  the  raisinjto' 
hay,  Kvain,  and  fruit  crops.  The  only  apparent  source  of  water  sup 
ply  for  this  vast  tract  of  uncultivated  laud  is  suudi  storage  rt-seivoin 
on  Ci-ow  (.'ivek,  at  points  aliuif;  the  i-anyon  wlieiv  the  valley  widen* 
sHfti<^ieutly  to  permit  their  eouslruetioii.  Froiu  the  Ix'st  iufonuatioi 
obtainable  from  those  familiar  with  Hie  canyon,  the  largest  of  Ilies* 
valli'ys  is  fnun  a  fourth  to  u  half  uiile  wide  and  about  i  miles  loiifJ 
On  Dctolier  i:!.  lldHl,  the  flow  of  Crow  Creek  at  the  nuuith  cif  the  can 
you,  -j  niilv.s  alMive  Kadei-sburfr,  Montana,  was,  by  actual  measure 
ineiil.  Ml  secouii-fwt.  On  the  same  date  the  diseharfre  at  the  bridjr* 
1  niih'  below  the  canyon  was  also  Hi  seeoud-feet.  The  hijith-wate 
flow  lasts  fi-oui  four  to  si.\  weeks,  wiili  an  ocea.sional  summer  (lool 
and  is  c(nitined  in  a  chaun<-I  having'  ;iu  avcraife  width  of  from  •loio'i' 


■■'•goet,  with  vertical  banks  of  from  4  to  5  feet  on  either  side,  and  a  fall 
~~^gt.  58.7  fe«t  to  the  mile, 

MILK  RIVER  AT  HAVRE,   MONTANA. 
I ; ;      This  station,  which  was  established  by  C.  C.  Babb  on  \[ay  15,  1898, 

•  -Jb  described  in  Water-Sopply  Paper  No.  37,  page  209.  Results  of 
-' «  veaBurements  for  ltS99  will  be  found  in  the  Twenty-first  Annual 
;  r"  Keport,  Part  IV,  page  18S.     During  1900  the  following  measuremeuts 

*  ■-'•  of  discharge  were  made  by  C.  \V.  Ling: 

Diitcharge  meaaurenienlK  (if  Milk  River  ut  Havre.  Montana. 

Oage       Dlt- 
leigbt.  obarKB. 
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epptemberfi.. 
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Beptamber^. 
October  ;i 

October  la."!". 
October  IH... 
October  K... 
October  il.... 
Novomt>er  S. . 
If  ovemher  10. 


Daily  gage  height,  in  feet,  of  Milk  River  iit  Havre,  Monlatut,  for  J9iio. 
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OFXBATIOVe   AT  KITKB  8TATIOKB, 
TBLLOWSTOHB  RIVSB  NBAB  LIVINGSTOIt,  MOBTANA. 

Tbis  station,  which  was  establlBfaed  Hay  2,  1897,  is  ioooted  i 
highway  bridge  over  the  YeUowBtone  fi  miles  soath  of  LiTingstOD. ' 
iB  described  in  Water>Supply  Paper  No.  37,  pages  210  and  SIX, ' 
will  also  be  found  the  resalts  of  measnremeQts  for  1899.     DnrtnyK 
the  following  measarement«  were  made  nnder  the  direotiou  of  8 
Fortier: 


MISCELLANEOUS   DIKCHARGE   HBASl'SEMEXTS   IN   MONTANA. 

During  the  yoar  the   followin;:  iui«cellaiiPons   nicasuremeiits  of 
Htreami^  in  Montana  were  made  by  Messrs.  F.  E.  and  (i.  H.  Matthes: 


WYOMINO. 
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Jtimxilaneoua  distcharge  mecuturements  ofatreama  in  Montana, 


to. 


6.. 
rU 


Stream. 


St.  BCary  River 

do 

do 

do 

North  Fork  of  Milk  River 
Middle  Fork  of  Milk  River 
South  Fork  of  Milk  River. 
Cntbank  River 

North  Fork  of  Cutbank 
River. 

Two  Medicine  River 

do 

do 

Badser  Creek 

Birch  Creek  .' '. '.'.'. '. .... '.'. '. '. '. 
do 


Lo<*aIity 


Main 

do 

do 

Outlet  of  Lower  Lake 

Bridj^o  at  Hairs  ranch 

Fordof  roadto  Main 

Paul's  ranch 

Ford  of  road  to  St.  Mary 

Lake. 
Ba&e  of  mountains 


Outlet  of  Lower  Lake 

Holy  Family  Mission 

Ford  12  miles  below  Piegan. 

Two  miles  above  Pieflran 

Ford  at  Piefiran 

Four  miles  above  Robare 

One- half  mile  above  Robare 


Hydrographer.'^j^J^ 


F.  E.  Matthes. 
G.H.Matthes. 

do 

F.  E.  Matthes. 
do 


.do 
do 
do 

do 


do. 
do. 
do. 
do. 
do. 
do. 
do. 


Sfc.'ft. 

3.  an 

75« 

&Kt 

7«) 

13 

7 

31 

488 

:wo 

1,087 

i.aiu 

273 

387 
:Kt2 


BIGHORN   RIVER  NEAR  THERMOPOLIS,  WYOMING. 

is  Station,  which  was  established  by  A.  J.  Pai^shall  on  Maj'  i*s, 
is  located  about  a  half  mile  west  of  Thermopolis,  at  the  ferry 
ing  the  river.  The  gage,  which  (*onsists  of  a  horizontal  rod 
iding  out  over  the  water,  is  fastened  to  a  post  set  firmly  in  the 
.  On  the  horizontal  stick  is  attached  the  wire  gage  by  means  of 
h  the  heights  of  the  river  are  recorded.  The  bench  mark  is  the 
of  a  nail  in  a  stick  driven  in  the  ground  1  foot  south  of  the  i)ost 
lich  the  gage  rod  is  fastened  and  2.58  feet  l>elow  the  top  of  the 
frame.  The  bench  mark  is  9.08  feet  alK)ve  gage  datum.  Dis- 
^  measurements  have  been  made  from  a  ferryboat,  but  during 
?oming  season  they  will  be  made  from  the  bridge  which  has 
itly  been  erected.  The  channel  is  straight  for  a  distance  above 
below  the  station.  Both  banks  are  high  and  not  subject  to  over- 
The  bed  of  the  stream  is  of  gravel,  and  shifts  during  only 
ime  high  wat-er.  Results  of  measurements  for  1809  will  l>e  found 
Tater-Supply  Paper  No.  37,  page  211.  During  lOOO  the  following 
harpfo  measurements  wen*  made  by  A.  J.  Parshall: 

May  28:  Gage  height,  4.01  feet;  discharge,  8,500  second-feet. 
May  29:  Gage  height,  5.00  feet:  discharge,  10,527  second-feet. 
May  30:  Gage  height,  5.40  feet;  discharge,  12,187  second- feet. 
September  13:  Gage  height.  0.00  foot:  discharge,  945  second-feet. 
September  18:  Gage  height,  0.45  foot:  discnarge,  674  second-feet. 

y  gage  height,  in  feet,  of  Bighorn  Rivrr  near  Thermopol'iH,  W(/t/inin(j,  fttr  /900, 
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CLBAB  CRBBK  NBAR  BUFFAU>,  WTOMHrG. 

This  station  was  established  by  the  State  engineer  of  WyonlBg. 
measuring  flnme  was  erected  in  order  that  aocnrate  measiirenient 
dischaige  might  be  obtained.  Owing  to  the  stability  of  the  stattai 
has  not  been  neoessary  to  make  discharge  measurements  at  this  pli 
the  computations  being  made  from  the  rating  table  establidiedi 
eral  years  ago.  The  station  is  described  in  Water-Supply  Paper '. 
37,  page  212.  Results  of  measurements  for  1899  will  be  found  in 
Twenty-first  Annual  Report,  Part  lY,  page  191.  Owing  to  the  dii 
sions  of  water  which  have  taken  place  vrithin  the  basin,  of  late  ye 
this  station  has  not  been  considered  as  important  as  formerly,  an 
was  discontinued  on  March  11, 1900,  no  measurements  of  disoha 
being  made  during  that  year. 

DaUy  gage  height^  in  feet,  of  Clear  Creek  near  BuffaU),  Wffoming,  for  1900. 
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BIO  SIOUX  RIVER  NEAR  WATERTOWN,   SOUTH  DAKOTA. 

Big  Sioux  River  rises  in  Grant  County,  South  Dakota,  alwut 
miles  north  of  Wateiliown.  Its  principal  headwaters  drain  lands  c 
stituting  part  of  the  Sisseton  and  Wahpeton  Indian  Reservation, 
general  course  is  southeast,  and  it  empties  into  Missouri  River  n 
Sioux  City,  Iowa.  The  river  is  of  interest  on  account  of  it«  wi 
powers,  a  number  of  which  have  been  developed,  princiimlly  at  Fl 
dreau,  Dell  Rapids,  and  Sioux  Falls,  South  Dakota,  and  at  Aki 
Iowa.  The  gaging  station  was  established  by  O.  V.  P.  Stout,  the  g 
being  put  in  September  15,  1900,  by  (George  W.  Carpenter,  cou 
surveyor  for  Co<lington  County.  It  is  located  on  the  farm  of  L 
Spicer,  about  4  miles  above  Watertown.  The  gage  consists  of 
inclined  rod  securely  fastened  on  the  right  bank  of  the  stream.  ' 
observer  is  L.  E.  Spicer.  During  1900  the  following  discharge  m* 
urements  were  made  by  ().  V.  P.  Stout  and  (4.  H.  Matthes: 

Jaly  17:  Discharge,  5  second- feet. 

July  18:  Discharge,  10  second-feet. 

November  12:  Gage  height,  1.15  feet;  discbarge.  7  second-feet. 

The  measurement  of  July  18  was  not  made  at  the  gaging  stat 
but  in  the  town. 


SOUTH   DAKOTA. 


371 


Lake  PoiDsett,  vhlch  lies  almost  wholly  in  Hamlin  Coanty,  South 
Dakota,  has  its  oatlet  in  Big  Sioux  River  near  Dempster,  a  short  dis- 
luoe  above  E^telline.  Immediately  below  the  oatlet  of  the  lake  a 
Bhd  has  been  constmctetl  on  the  Big  Sioux  to  maintain  the  level  of 
fte  lake  within  certain  limits.  A  meAuuremeat  of  the  inlet  to  thp 
lake  was  made  Jnly  1ft,  lOOO,  by  O.  V.  P.  Stout,  and  a  dischart^  of 
19.5  second-feet  was  found. 

Big  Sioux  River  at  the  bridge  west  of  Estelline  was  also  measured 
I^Hr.  SU>ut  on  July  10,  ISHXt,  and  a  dischapge  of  l'J.9  second-feet 
was  found. 
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BIO  SIOUX  RIVEK  NEAR  SIOUX  FALLS,   SOUTH   DAKOTA. 

This  gaging  station,  which  was  established  by  (>.  V.  P.  Stout  on 
July  21,  1900,  is  2  miles  west  of  Sioux  Falls.  The  gage  consists  of  an 
inclined  rod  securely  fastened  to  bevel  blocks  supported  on  well- 
bedded  cross-ties.  The  observer  is  Geoi^  Beggs.  During  lltOO  the 
following  discharge  measurement  was  made  by  (>.  V.  P.  Stout: 
Jnly  21:  Gage  height,  3.03  feet;  discharge,  78  mcond-teet. 


Dnilv  gage  height,  in  feet,  of  Big  Sioiu:  River  n 
for  1900. 
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WSCELLANEOUS  DISCHAEGE  MEASUREMENTS  OF  CHEYENXE   RIVER 
AND  ITS  TRIBUTARIES. 

During  the  year  a  number  of  measurements  of  Cheyenne  River  and 
Its  tribntaries  were  made  by  J.  T.  Stewart,  as  described  in  the  table 
on  the  next  page. 
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On  Au{rnst  27,  l!"iO,  A.  .1,  Parshall  iiindi'  incasui-enit'iits  of  the  river 
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at  two  points  in  its  upper  reac^hes.  The  first  measurement  was  made 
a  short  distance  above  the  mouth  of  Grand  Encampment  Creek  and 
immediately  above  the  mouth  of  Brush  Creek,  and  a  dis<*harge  of  176 
aeeond'feet  was  found.  The  second  measurement  was  made  near 
Saratoga,  Wyoming,  immediately  above  the  mouth  of  Spring  C-reek, 
and  H  discharge  of  211  second-feet  was  found. 

GRAND  ENCAMPMENT  CREEK  AT  PERYAM'S  RANCH,  WYOMING. 

This  station,  which  was  established  by  A.  J.  Parehall  May  16,  1900, 
is  located  at  the  bridge  over  the  river  at  the  ranch  of  the  observer, 
W.  T.  Peryam.  The  rod  is  vertical,  and  is  fastened  to  the  timbers  of 
the  bridge.  The  channel  is  straight  for  a  distance  above  and  below 
the  station.  The  right  bank  is  high  and  is  not  subject  to  overflow, 
but  the  left  bank  is  low  and  overflows  at  high  stages.  The  bed  of  the 
stream  is  rocky.  During  1900  the  following  measurements  were  nia<le 
by  A.  J.  Pai-shall: 

May  16:  Gage  height,  2.00  feet;  discharge,  2,050  second-feet. 
June  8:  QtLge  height,  2.00  feet;  discharge,  2,184  second-feet. 
Jnne  21:  Gage  height,  1.20  feet;  discharge,  885  second-feet. 
July  5:  GKige  height,  0.60  foot;  discharge,  192  second-feet. 
July  18:  Gage  height,  0.30  foot:  discharge,  89  second- feet. 

^ily  9<^g€  Iieight,   in  feet,  of  Orand  Encampment  Creek  at  Peryam'' s  ranch, 

Wyoming,  for  1900, 
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LARAMIE   RIVER  AT  WOODS,    WVOMINO. 

This  Station,  which  was  estalilished  in  December,  1?<HS,  by  the  Ter- 
rilorial  engineer  of  W^'oming,  is  located  2()  miles  from  Laramie,  and 
is  reached  by  stage.  It  is  described  in  Water-Supply  Paper  Xo.  :J7, 
page  214.  Results  of  measurements  for  1899  will  Ik'  fouiKl  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  19:5.  The  station  was 
discontinued  September  30,  1900.  During  the  year  one  measurc^ment 
ment  of  discharge  was  made  by  A.  J.  Parshall,  as  follows: 

May  4:  Gage  height,  1.60  feet;  discharge,  460  second-feet. 
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l^RAUIE  RrVBR  NEAR   UVA, 

This  HtatioD  was  eKtablishod  in  1894  by  rbe  State  engineer  of  W]M 
roing.  It  is  described  in  Water-Supply  Paper  No.  37,  pa^  SM 
Resnlls  of  iiipasuremeiits  for  1S!19  will  be  found  in  the  Twenty-firs*' 
Annual  Report,  Part  IV,  page  1!(4.  The  station  watt  discontinued 
March  31,  1900,  and  no  measurements  «f  dischai-ge  were  made  (lurinfl 
the  year. 

Daily  gage  height,  in  feet,  o/ Laramie  Kiivrufar  I'm,  ^i'yoming.  for  1901. 
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NORTH  PLATTE  RIVER  AT  ORIN  JUNCTIOX,  WYOMING. 
I'liis  ftatiou  was  established  November  1,  1804,  by  the  State  engi- 
neer of  Wyoming.  It  is  dpscril>ed  in  Water-Supply  Pajier  No.  37, 
page  217.  Results  of  measurements  for  189!)  will  be  found  in  the 
Twenty-first  Annual  Report,  Part  IV,  page  !!*«,  The  station  was 
discontinued  April  1,  1900,  and  no  measurements  of  discharge  were 
made  during  the  year. 
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e  heif^,  in  feet,  of  North  Ptatte  River  at  Orin  Juticlion,  Wj/oming,  for 
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NORTH  PLATTE   RIVER  NEAR  (lUERNSEY,  WYOMING. 

This  Station  was  established  June  14,  1900,  b.v  A.  J.  Pamliall.  It 
located  at  the  county  bridge  about  a  half  mile  northwest  of  (Jucrn- 
T.  The  bridge  has  eight  piers,  the  sides  are  planlted,  and  thei-e  is 
lifonn  flow  under  each  span.  The  locatiou  is  an  exoellent  one  for 
'oarate  iuea.surements.  The  rotl  consists  of  a  l-inoli  by  4-ineh  by 
l-foot  scantling  firmly  attached  to  one  of  the  pieitt  of  the  bridge, 
s  the  station  was  to  be  a  temporary  one,  u  metallic  tai>e,  divided 
ito  feet  and  tenths,  was  securely  fastened  to  the  I'od.  I'he  liench 
lark  is  a  spike  driven  in  a  sleeper  of  the  bridge  1  foot  from  the  rod 
nd  at  au  elevation  of  10.04  feet  above  the  zero.  The  channel  is 
Tkight  for  a  distance  above  and  below  the  station.  Both  bankH 
re  high  and  do  not  overflow  at  high  stages.  The  l»ed  of  the  stn-am 
I  sandy,  but  probably  does  not  shift  much.  The  station  was  dis- 
ontinned  September  15,  l!l(X).  I>iiring  l!*0(t  the  following  measure- 
lents  were  made  by  A.  J.  ParKhall: 

Jane  14:  Gage  height,  4.40  feet:  disirbarge,  d,79S  8eoon<l-feet. 

Jane  36:  Oage  height.  3.40  feet;  discbarge,  5.016  second-feet. 

July  10:  Gage  height,  0.50  foot;  disL-harge,  1,80.)  second-feet. 

July  13:  Gage  beight,  0.35  foot;  discbarge,  1,-^TG  aecond'feet. 

AogOBtS:  Gage  height. — 0.20  (cx)t;  diacbarge.  T7S  second-feet. 

Angnet  21:  Gage  beight,  —0.70  foot;  discharge.  430  Becond-feet. 
Duflji  gagf  height,  in  feet,  of  North  Platte  River  near  Oiiernaey,  Wyiimiiiij,  for 
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ST6        OFBBATIOItS  AT  BITBB  BIATIOKS,   1800. — ^PABT   ni.        » 
MOBTH  PLATTE  BIVBB  AT  QBRING,  NXBBA8EA. 

This  Btadon,  vhich  was  establiabed  Ma^  29,  1897,  is  located  ati 
highway  bridge  at  Gering.  It  is  described  in  Watet^apply  Pmj 
Ko.  37,  page  218.  Resnlts  of  meaaarementa  for  189S  will  be  found 
the  Twenty-firet  Annual  Report,  Part  IV,  page  197.  Daring  1900 1 
following  meoanrements  of  discharge  were  made  by  R.  H.  Willis: 

DMchargv  meantrmtentt  of  North  Platte  Sivtr  at  Oerivg,  N^brmkOt 
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aCI(Med  for  winter  NovhiiiIaf  H. 
NORTH  PLATTK  RIVER  AT  CAMP  CLARKE,  NEBRASKA. 

'Fliis  Station,  whicli  was  eetal)li8li<'<l  Juni'  -'7,  IS'M,  i-onsi8b<  of 
timber  fantened  to  cross-ties  l>eddi-d  in  tlic  bunk  of  the  river.  It 
deKcribed   in   Wttter-Supply   Paper   Xo.    ;i7,   page   219,     Results 
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meats  for  1899  will  be  found  in  the  Twenty-lirBt  Annual 
Part  IV,  page  198.  During  1900  the  following  discharge 
^meuts  were  made  by  R.  II.  Willis: 

ints  of  yortb  Matte  River  at  Camp  Clarke,  yebni^ea. 
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SORTH  PLATTE  RIVER  AT  NORTH  PLATTK,  XEHKASKA. 

Station,  wiiioh  whs  establislii'd  in  IS114,  is  -iJi  inilos  nlxivc  the 
n  of  South  Plattf  RivtT.  It  is  liirsi-ribed  in  Wnt^^r- Supply 
Xo.  .'17,  pagi'  ■2-20.  Kesiilts  of  measuiviiu'>it»  for  !Wi!t  will  be 
in  the  Twenty-firat  Annual  Keport,  Part  IV,  p«t;e  I'Jlf.  During 
ue  disehnrge  nieasui-einent  wa«  made   by  j\iliia  Dobuun,   as 


December  20:  Qage  height,  :i.>iO  feet:  diacliarife,  l,m  second-feet. 
ss  40—01 tf 
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SOUTH  PLATTE  RIVER. 

The  South  Platte  rixes  in  the  hijj^h  moaDtain  peaks  surronndinff  t 
basin  known  an  South  Park,  near  the  center  of  the  State  of  Colond 
Theso  mountains  vary  in  iiltitude  from  14,(X)0  fci't,  in  the  Park  Ran; 
to  9,000  feet,  in  South  Park.  Fi-om  thi"  jjoiiit  wliere  tlif  stream  issn 
from  the  mount-ains  at  Piatt':'  Canyon  it  flows  in  a  northerly  direeth 
through  Denver  to  its  jiiiietion  witli  the  Caclip  la  I'ouiire  near  Gre 
ley,  theuc^e  in  anoi-thoasteily  direotiou  until  it  leaves  the  State  a  she 
distance  to  tlie  northi-nst  of  Julesburg,  and  t.hener  iu  an  easterly  dire 
tion  toit'O  juuction  wit  lithe  North  Piatt*  near  North  I'latte,  Xebmsk 

The  tributaries  may  Ite  divided  into  two  elasSes:  (1)  Those  whic 
like  tlie  hfadwatei"S  of  the  SdUth  Platte,  rise  in  the  moimtaiDS,a! 
(2)  thone  which  drain  the  plains  east  of  the  mountains.  The  prim 
pal  triliutaries  uf  the  first  elass,  in  their  onier  down  the  river,! 
Bear  Creek,  Clear  Creek,  St.  Vrain  Civtik,  Boulder  and  South  BouM 
creeks.  Big  Thompson  Creek,  and  Caclie  la  Puudre  River.  Amoi 
those  of  the  second  idass  there  may  be  named,  as  osiiecially  worthy 
consideration,  Clieriy  Creek,  Lone  Tree  Creek,  Boxelder  Creek,  Bii" 
Creek,  Beavei"  Creek,  and  Pawnee  Creek.  Thei-e  are  many  others 
lesser  note.  Tlie  streams  of  the  first  ohwis — those  flowinfi;  from  tl 
mountains — resemble  the  upper  reaches  of  the  South  Piatt*  in  tb 
they  furnish  a  perennial  supply  of  water,  which  varies,  however,  wi 
tbo  season,  the  discharge  being  great  during  tlie  fiood  stages  and  k 
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ng  the  latter  part  of  the  summer  and  in  the  fall  and  winter.  The 
ams  from  the  plains,  on  the  other  hand,  are  intermittent  in  their 
ire,  usually  furnishing  water  only  during  storms  or  the  m(4ting  of 
PTs.  In  general  it  may  be  said  that  tlie  normal  perennial  discharge 
11  of  the  streams  of  this  division  is  claimed  and  used  for  irrigation, 
great  quantities  of  water  go  to  waste  during  tlie  flood  stages  and 
imes  of  storms.  As  there  is  a  vast  amount  of  land  upon  the  plains 
Acent  to  the  South  Platte  that  might  be  irrigated  if  there  were  a 
icient  supply  of  water,  the  question  of  storage  l>ecomes  one  of 
At  importance,  and  the  Geological  Survey  is  now  studying  this 
blem,  examining  such  reservoir  sites  as  are  considered  capable  of 
ing  considerable  <iuantities  of  water.  It  is  lioped  that  reservoirs 
I  be  constructed  to  prevent  the  loss  of  this  givat  amount  of  water, 
ich,  if  properly  stored,  would  beconu'  one  of  the  greatest  assets  of 
arid  i^egion. 

in  interesting  feature  of  the  South  Platte  r>asiii  is  tlie  fact  that  in 
of  its  valleys  there  is  a  great  return  from  seepage,  which  is  increas- 
from  year  to  year,  as  may  be  seen  in  the  tables  of  seepage  meas- 
ments  of  this  river  publisheil  by  the  State  engineer  of  Colorado. 
d  underground  water  supply  of  the  plains  in  this  basin  is  also  being 
died,  and  the  results  of  the  investigations  will  be  of  great  interest 
determining  the  possibilities  of  x)rocuring  water  from  artesian 
irees  for  stock  puri)oses  and  possibly  for  the  irrigation  of  small  tracts 
land.  The  surface  flow  of  the  intermittent  streams  of  the  plains 
y  be  made  available  for  irrigation  purposes  by  the  construction  of 
table  reservoire,  a  few  of  which  are  now  being  utilized  l)y  corpora- 
08  and  private  parties.  The  most  notable  projects  of  this  charac- 
which  have  been  under  way  in  the  basin  during  the  year  are  the 
ke  Cheesman  dam,  which  is  being  constructed  by  th(^  Denver  Union 
Iter  Company,  C.  L.  Harrison,  chief  engineer,  and  the  Bijou  Irri- 
;ion  Company's  reservoii-s  in  the  neighborhood  of  Orchanl.  The 
ke  Cheesman  reservoir  is  especially  notc^worthy  on  account  of  the 
•at  height  of  its  dam  (iilo  feet)  and  the  amount  of  water  to  be  stored, 
e  dam  will  be  of  solid  masonry.  The  reservoir  sites  of  the  Bijou 
igation  Company  are  natural  basins,  along  the  rims  of  which 
bankments  will  be  constructed,  thus  storing  hirge  quantities  of 
ter,  which  will  be  conducted  from  the  river  through  canals.  Any 
«t  extension  of  the  irrigated  area  of  this  district  must  dc^pend  upon 
i construction  of  additional  reservoirs  and  upon  improvcMnents  in  the 
?and  di.stribution  of  water.  The  present  system  of  distribution 
"oughout  this  section,  as  in  nearly  all  of  the  arid  region,  is  very  extra  v- 
ant,  in  many  cases  there  being  several  times  the  number  of  ditch 
esthat  the  most  economical  use  would  demand,  whih*  much  water 
es  to  waste  in  marshes  and  swamps  which  might  be  drained,  and 
1  increased  supply  thus  b(»  made  available. 
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During  the  year  1900  the  engineers  in  charge  of  the  constnu 
the  dam  at  Lake  Cheesman  kept  practically  continuoaB  recorda  of 
gage  heights  and  dlisoharge  of  Goose  Creek  and  South  Platte 
above  their  junction,  and  also  of  the  combined  discharge  below 
junction,  the  latter  measurements  being  made  below  the  dam. 
accompanying  table  of  discharge  measurements  at  the  latter 
was  obtained  through  the  courtesy  of  Mr.  G.  L.  Harrison^  at 
chief  engineer  of  the  Denver  Union  Water  Company.    The 
for  February  is  estimated,  but  it  may  be  considered  appro: 
correct    Discharges  for  the  other  months  are  from  actual  mi 
mentSy  which  are  usually  made  three  times  adayy  but  soi 
oftener.    The  results  may  be  considered  very  nearly  correct. 

SOUTH  PLATTE  BIVBB  NEAR  PLATTB  CANYON,  COIiOBABO. 

This  station  was  located  about  2  miles  above  the  Colorado 
Southern  Railroad  station  at  Platte  Canyon.    It  was  maintained  byt 
Denver  Union  Water  Company  for  some  time  previous  to  any 
tion  on  the  part  of  the  Survey,  which  began  April  1,  1899.    The 
rod  was  a  2-inch  by  2-inch  inclined  timber  on  the  right-hand  side  of  i 
stream,  the  graduations  being  marked  with  brass  nails.    Mi 
ments  of  discharge  were  made  from  the  footbridge  constructed  by  i 
water  company  at  the  rod.    Readings  were  taken  until  June  S,  11 
inclusive,  when  extremely  high  water  carried  away  the  gage 
which  has  not  yet  been  replaced.     Only  two  measurements  were 
in  1900.     The  channel  at  this  point  is  rocky,  but  the  high  water! 
changed  it  materially,  so  that  it  will  be  best  for  a  new  location  totaij 
selected.     A  station  at  this  place  is  of  great  importance,  and  one! 
should  be  maintained  with  care.     A  cable  should  be  stretched  acrov  ] 
the  river,  with  a  traveling  car,  at  such  a  height  as  to  preclude  th6': 
danger  of  its  l)eing  washed  away  by  floods.     The  figures  given  in 
the  table  show  the  actual  discharge  of  the  river  at  Platte  Canyon 
before  any  water  is  diverted  for  irrigation  or  other  purpose,  except 
that  taken  out  by  the  Denver  Union  Wat<ir  Company  a  short  distance 
above  the  station,  for  the  supply  of  tlie  <!ity  of  Denver. 

Readings  were  taken  by  James  Proctor,  of  Littleton,  Colorado,  who 
is  in  charge  of  the  i)umpiug  station  of  the  Denver  Union  Water  Comr 
pany  at  that  place.  While  the  station  was  IxMng  maintained  gage 
readings  were  furnished  to  the  officers  of  the  United  States  Weather 
Bui*eaii  at  Denver,  who  liad  them  published  in  the  jiapera. 

A  description  of  the  station  was  published  in  Water-Supply  Paper 

No.  37,  page  224.     The  i-esults  of  measurements  for  1899  will  be  found 

in  the  Twenty-first  Annual  Report,  Part  IV,  page  201.     During  1000 

the  following  measurements  were  made  by  A.  L.  Fellows: 

March  5:  Gage  height,  —0.40  foot;  discharge,  87  second-feet. 
April  IS:  Qage  height,  1.55  feet;  discharge,  467  second-feet. 
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■silt  0ao«  height,  in  feet,  of  South  Platte  Rhvr  ii 
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SOITH  PLATTE  RIVER  AT  DEXVKR,  (■l>[,ORAlni. 
This  station  is  located  at  tho  Fifteenth  strwt  Ijridjri.-  in  tlif  city  of 
Denver,  a  short  distance  below  the  niinith  of  ClieiTy  t'reck.  It  was 
Mtablisheil  July  15,  l^Htfl,  and  has  In-en  inainlnin<^i1  conlinmnisly. 
For  a  portion  of  the  last  year  two  rods  were  in  nse.  one  on  tlie  left 
iMmk  and  the  other  on  the  right  Imnk  a  short  di:staiice  l>eh>n'  the 
Ijridge.  Both  were  incliiiod  rods.  The  rod  on  the  left  bank  was 
vashed  out  by  the  high  water  of  June,  l!«>i,  which  also  i-emoved  the 
and  bar  in  front  of  the  ml  on  the  rii;ht-hand  side,  itiaking  it  avail- 
able at  low-water  stages,  which  it  hatl  not  In-en  before,  and  since  Ihat 
time  the  readin>;s  have  betm  taken  from  the  latter  rod.  The  Iieneh 
mark  is  a  cross  on  the  north  corner  of  the  top  of  the  cast  abntmenl  of 
the  Fifteenth  street  bridge,  and  is  1.5.15  feet  above  gage  datum.  The 
river  at  this  point  is  confined  lietween  slag  endiankuients,  but  owing 
tftihe  shifting  sandy  bottom  Ihe  channel  is  very  chaiigejible,  remler- 
ing  neiwssary  frequent  changes  in  tin- rating  Inbles.  The  observa- 
tions have  been  nimle  by  the  water  commissioners  of  water  district 
K«.  2,  in  which  Denver  is  located,  W.  J.  Sonthlnnd  no'l  his  suc<-es.sor, 
S,  M.  Matlock.  During  i;jf»0  eleven  gagitigs  were  made  i\\  tliLs  point. 
The  daily  gage  height,  with  oori-esixniding  disehaige,  was  published 
in  the  Denver  iiapers  by  the  ITnited   States  Weather  ]>ni-eau.     A 


description  of  the  station  was  publi.-ihod  in  Water-? 
So.  37,  page  225.  The  results  of  measnreiuenis  tor 
found  in  the  Twenty-first  Annnal  Report,  Part  IV,  pau'e 
190(1  the  following  measurements  wen-  nuide  by  A.  I.. 
B.  \V.  Ilawley: 

Diteharge  Meammaentx  of  South  Pliilfc  liivr  ni  Iiriivr.  I 
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Daili/  gaga  height,  fn  feel,  of  South  Platte  River  at  Denver,  CakKVdo,  fiir- 
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SOUTH  PLATTE  RIVER  AT  ORCHARD,   COLORADO. 

TtuB  station  is  on  the  lower  part  of  tlie  South  Platte,  below  « 
the  monntain  drsina^e  tributary  to  that  stream.  The  gage  rod,  w) 
is  vertioal,  is  fasteiietl  l<»  a  pile  »t  a  wagon  bridge  aboiit  a  quarter 
a  mile  southwest  of  the  Union  Pacific  Railroad  Htatioii  at  OrcLard.l 
Tii«  Hlatioii  was  Ami  established  in  November,  1805,  and  has  been 
maintained  during  the  gireater  part  of  the  time  since.  During  the 
last  year  the  gage  itxi  had  to  be  moved  twice,  owiu^  to  changes  in  the 
channel.  The  left  bank  of  llie  river  is  high,  but  tlie  right  bank  la ' 
low  and  is  likely  to  overflow.  The  bed  of  the  stream  is  sandy  and 
shifting,  but  the  ci-oss  section  did  not  cliange  materially  during  1900. 
Tlie  station  has  been  of  great  value  in  demonstrating  tlie  fa«t  tlud 
lai^  quantities  of  water  go  to  waste  during  floods  and  during  the 
winter  season,  a  great  poiliou  being  seepage  or  return  water.  Ab  • 
result  of  the  Investigations  at  this  place,  a  large  irrigation  enterprise 
has  been  undertaken — namely,  that  of  diverting  water  from  the  nW 
near  Hardin  for  the  puriwse  of  irrigating  lands  in  tlie  vicinity  of  Fort 
Morgan,  the  water  to  be  stored  in  large  reservoirs,  which  are  referred 
to  elsewhere  (l>age  '27U,  Bijou  Irrigation  t'onipany's  reservoii-s).  The 
existence  of  a  large  flow  liaving  been  demonstrated,  it  is  now  thought 
best  that  the  station  lihould  be  changed  to  a  point  faither  upstreaiOi 
probably  at  Kersey,  where  another  large  ditch  might  jwssibly  be  taken 
out.  A  description  of  the  station  was  published  in  Water-Supply 
Paper  No.  37,  page  220.  The  results  of  measurements  for  1899  will  b^ 
found  in  iAe  Twenty-first  Annual  Report,Pav\,  IV,  v^se  203.    Durioi 
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0  the  following  measureineDtn  were  iiiikIh  by  A.  I,.  Follows  and 
W.  Hftwley: 

Uarch  T:  Qage  height,  2.io;  discharge,  068  second-feet. 
April  31:  Gage  height.  3  feet;  OUcborge.  4,074  secontl-feet. 
Jnl^  23:  G^^  height.  I.8S  feet:  dischare«,  150  aecond-feet. 
October  27:  0»ge  height,  5. TO  feet;  diacbatge,  331  se(.'ODd-feet. 

Ug  gage  height,  ii,  feet.  »/  South  Platte  Rivtr  at  Orchard.  Colora<lii, /i>r  I'jOO. 
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SOl'TH   PLATTE    RIVER    AT  JULESBlTRli, 

AlthoDgh  no  station  lins  yet  been  CHlablisheil  iit  tliis  phuv,  uiic  in 
«atly  Deede<l.  A  rod  was  attiielied  to  llie  wa;rcin  hrid^e  about  a 
Ue  southeast  of  the  Union  Faoifie  Kuilioad  station  at  .luU-sbnig, 
it  no  one  was  found  wlio  would  make  the  ol>sei'vatioii8,  mo  that  no 
cord  has  been  kept.  A  station  here  wiiiild  bo  of  trreat  value, )»«  the 
idge  referred  to  is  not  far  from  tlio  State  line,  and  a  JcnowUnlge  of 
e  discharge  passing;  from  Colorado  into  Kansas  could  thus  be 
itained.  The  channel  i.s  very  wide,  as  it  is  thi-ousliout  tho  lower 
ntion  of  the  river,  and  on  this  aeoonut  the  results  obtained  would 
wessarily  be  approximate;  but  they  would  uuvertheless  l>c  valuable. 
fithin  the  last  two  years  four  measurements  have  l>eeu  made  al  this 
iace,  as  follows: 

l«n/-i-»icii(.i  >if  South  Platte  Rit-er  ,il  J-dc^bnr,/.  {•olonid-. 


September  14,  1898 -...  a 

NoTember  12, 1899 _ l.K'O 

llarche.1900 3,aai 

SomabmS,  1900. _ "id 
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Oti  I>ecembei'  20,  isiOO,  the  South  PlatK-  was  measure  at  Stu 
'latte,  Nebmskn,  by  Adtiu  DobsoQ,  iind  a  dischAi^  of  !Hi3  m^ch 
Ceet  wAH  foiii]<l. 

BEAK  <-RERK   SEAR   MCRRISOS.  COLORADO. 

Bear  Creek  is  oiie  of  the  smaller  triljutariiiia  of  the  South  PIM 
heading;  in  the  vicinity  of  Mount  Evans,  about  30  miles  soiithwesl 
Denvor,  and  enteriniu;  the  main  streiim  about  8  mileK  above  thstol 
Although  usually  of  small  voUimo,  the  stri-ntn  dmins  a  (.■onsiden 
rtion  of  very  mountainouH  t-ountry,  whit-h  U  wubject  to  more  or  I 
lolent  oloudburstB.  KM  that  (Io«h!«  sometimes  come  down  thiscp 
inaing  great  destruction  to  projierty  and  even  the  loss  of  life. 
tho  normal  flow  of  the  stream  is  used  for  irrigation,  and  it  is  i 
rinp  high-water  stages  that  a  large  amount  of  water  passes  thran 
Bflcords  of  its  Jlow  have  iH-en  kept  for  a  portion  of  each  irrisaU 
n  fliniw  April,  1888,  with  the  exeeptiun  of  the  ymrs  1832, 191 
id  18!H,     ITie  present  station  was  established  April  Hi,  1AQ9.    It 
ited  just  aliove  the  little  town  of  Morrison,     The  gage  rod,  wht 
is  a  2-iiich  by  4-iui-h  timber  pliM^d  Tertically  and  marked  in  feot  tt 
tenths,  is  fastened  to  the  upper  side  of  Ihe  dam  whioh  diverlii.*! 
into  tho  mains  of  the  Denver  Union  Water  t'ompany.    The  iMtfl 
mark  is  tha  top  of  a  granite  bowlder  alwut  tCW  feet  almve  the  rod  m 
the  left-hand  side  of  the  stream,  and  It  is  ]0.;t:i  feet  above  the  glN 
dittgm.     As  iu  pi-evious  years,  the  station  was  maintained  tlironn 
cooperation  with  the  Denver  Union  Water  Company.     Owing  to  Uiq 
formation  of  a  gravel  bar  in  the  summer  of  IfOH,  the  oonditioti.s  wert 
for  some  time  radically  ehangt-d  from  the  normal,  and  during  tiM 
month  of   September  no  gagings  were  taken.     The  observer  is  flJ 
Hebrew,  an  employee  of  the  Denver  Union  \Vat«r  Company,     TftbH 
of  gage  heights  and  discharge  measurements  for  189!*  will  be  found  a 
Water-Supply  Paper  No.  37,  iiages  '227  and  228.    Table  of  the  monUi'~ 
flow  for  that  year  will  be  found  in  the  Twenty-flrst  Annual  Bepc 
Part  IV,  pa^e  204.    During  19tX)  the  following  measurements  f 
made  by  A.  I..  F.-ll..«>: 

MarobQ:  Oage  height,  1.40  feet;  diecbarge,  17  eecond-feet. 
April  14:  Ooge  heigbt,  2,SJ  feet;  discharge.  47  second-feet. 
April  25:  Oage  height,  5.80  feet;  dipcbarge.  3$7  second-feet. 
Angost  7:  Qage  height,  3,20  feet;  diacbftrge.  G3  second-feet. 
September  6:  No  gage  height  taken  (conditions  abnormal) ;  discharge, 
24  seoond-feet. 


gctge  heights  in  feet. 

C( 
of  Bea 

May. 

3LORADO. 

r  Creek  near 

'J5D 

Morrimn^  Colorado,  for  1900. 

1>ay. 

Apr. 

Jnne.     July. 

Aug.     Sept.  i  Oct. 
3.55        2.00  '      2.60 

Nov. 

1.90 
1.85 
1.80 
1.80 
1.70 
1.70 
1.70 
1.60 

Dec. 

6.70 
6.25 
6.30 
6.20 

5.95'      4.75 
6.25  1      4.65 
6.55        4.55 

1.36 

3.45  \     (a) 
3.30   

2.55 
2.45 
2.40 

2.:«> 

2.30 
2.25 
2.30 

1.36 

1.45 

4.00 
4.00 
3.75 
3.71) 
3.60 
3.50 
3.40 
3.30 
3.05 
2.86 
2.65 
2.45 
2.35 
2.25 
2.30 
2.10 
2.20 
2.25 
2.30 
2.30 
2.20 
2.10 



1.56 

6.20        6.40        4.35 
6.30        n.lO  1      4.30 

6.40 
6.50 
6.50 
6.70 
6.90 
6.75 
6.65 
6.45 
6.20 
6.05 
5.90 
5.90 
5.90 
6.05 

6.25        4.35 
6.25        4.30 
6.15        4.25 
6.50        4.20 

2.30  1      1.60 
2.20  '      1.60 
2.20  1      1.60 
2.10        1.60 
2.10,      1.60 
2.IO1      1.50 
2.00        1.50 
2.00        1.40 
2.01)  1      1.40 
2.(«)  )      1.30 



6.40 
6.10 
5.95 
5.95 
5.85 
5.85 

4.15 
4.10 
4.10 
4.(» 
4.00 
4.20 



3.00 
2.90 
2.95 
3.65 
3.65 
4.50 
4.80 
5.30 
5.80 
5.85 
5.80 
5.90 
6.15 
6.25 
6.30 
7.00 
6.90 

5.70  .      4.10 

5.70 
5.60 
5.60 

4.05 
4.00 
3.90 
3.80 
3.75 
4.00 
4.35 
4.40 

2.00 

1.81) 

1.90  1      1.20 
1.90        1.20 
1.90        1.20 
1.H5  '       1.10 
l.HOi      1.10 
l.HO         1.20 

5.95        5.55 
5.95        5.55 
6.05        5.50 
6.05        5.40 
6.15        .5.25 



6.20        5.25  1      4.25 
6.20        5.15!      4.15 
6.10        5.15  1      4.05 
6.10        5.f6        4.00 
6.05        4.95        3.H5 
6.00   i      3.75 

2.10    

2.10    

2.10    

1.70 
1.70 

1.35 
1.40 

1.70         1.50 

2.05! i.80  1      i.45 

2.00,      2.70        2.110  1      1.40 
2.<)0    ,      2.U>    

beiKhtci  not  taken  from  Beptemlier  2  t<>  29.  inclusive,  on  ar<*onnt  of  dam  on  Htream  rais- 
rater. 


CLEAR  CREEK  AT  FORKSCREEK,  COLORADO. 

r  Creek  rises  on  the  eastern  sloi)e  of  the  Rooky  Monntaiiis,  in 
•inity  of  Grays  and  James  peaks,  about  40  miles  west  of  Denver, 
»ws  easterly,  entering  the  South  Plfittt*  ('»  miles  below  tlie  center 
:  city.  Like  the  oth(»r  streams  of  this  region,  for  a  long  distance 
s  through  mountainous  country,  the  water  being  u.sed  for  power 
jes  and  for  placer  mining.  At  (Tolden  tlie  creek  (Miters  an  open 
(rtile  valley,  and  so  largo  a  proportion  of  the*  water  is  diverted, 
ins  of  irrigation  canals,  for  the  cultivation  of  the  land  lying 
the  stream,  that  little  of  the  normal  flow  ])asses  into  the  South 
,  except  that  n»turnc^d  by  seepage.  During  the  flood  stages, 
er,  considerable  water  enters  the  main  stream.  The  gaging 
I  is  located  at  the  Forkscreek  railroad  station  on  the  Colorado 
)Uthern  Railway,  in  Clear  Creek  Canyon,  just  Ix^low  the  junc- 
\  the  North  and  South  forks  of  Clear  Creek.  It  was  established 
^,  1899,  and  has  been  continued  through  the  irrigation  st^asons 
9  and  1900.  The  gage  consists  of  a  weight  fastened  to  a  wire 
ig  over  a  pulley  at  the  edge  of  the  embankment  upon  which 
ilway  station  is  located.  It  is  I'efei-red  to  bench  marks  back  of 
ibankment.  The  stream  flows  rapidly  through  this  part  of  the 
1,  the  channel  being  rocky  and  the  fall  great.  Both  banks  are 
nd  rocky.  There  is  no  suitable  means  for  crossing  the  river  at 
kging  station,  the  railway  bridge  over  the  stream  being  con- 
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atructed  at  an  acute  angle.     It  1b  possible,  however,  to  i 
good  reHults  by  meana  of  measnremento  made  at  the  two  \ 
the  forks,  thus  secnring  data  of  the  flow  of  eaeh  branch  ma  i 
the  total  flow.     At  low  water  the  stream  may  be  gaged  hy  « 
Daring  the  last  two  years  the  obaer\-er  has  been  C.  N.  Davis,  i 
station  agent  at  Forkscreek.     He  has  volnntarily  made  the  r 
and  sent  daily  reports  to  the  local  forecast  official  in  Denver,  « 
had  them  pablished  in  the  morning  papers.     A  description  ati 
station  was  pablished  in  Wster-Supply  Paper  No.  37,  page  23S. 
results  of  measurements  for  1899  will  be  foand  in  the  ' 
Annual  Report,  Part  IV,  page  205.     During  1900  the  following  ■ 
orements  were  made  by  A.  L.  Fellows: 

HHTch  10:  Oflge  height,  1.60  feet;  disoharse,  55  Becond-reet. 

April  18;  Qago  height,  l.TO  feet;  discharge,  T3  second-feet. 

April  24:  Gage  height,  3.60  feet;  diach»rge.  290  aeooad-feet. 

Angnst  27:  Gage  height,  1.76  feet:  disoharge,  130  lecODd-feet. 

DaUti  gage  height,  U/eet,  of  Clear  Cnek  at  Fark»crf«lc,  Cviomdv,  forisoo. 


»::-:::— 


May,    Jnae.     Joljr. 


I.KI        3M  I      tMi>  ' 


<W        I.IUI        I. Ml 


SOUTH   BOULDEK   CREEK   XEAR   MARSHALL,  COLORADO. 

South  ISouliler  Creek,  a  tributary  of  Boulder  Creek,  is  the  next 
mountain  stream  of  importance  iiortli  of  Clear  Ci'eek.  The  j;t^DK 
station,  which  was  established  in  April,  ISSti,  and  has  been  main- 
tained during  .1  portion  of  each  year  since,  except  during  18!>3  AtA 
1894,  is  located  at  tlie  mouth  of  the  canyon  from  which  the  streaiD 
issues  about  3  miles  west  of  the  Colorailo  and  Southern  Railway 
station  at  Marshall.     The  rod  consists  of  an  inclined  timber  on  th0 
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ih  bank  of  the  stream  near  the  house  of  C.  E.  Barber.  Above  the 
ion  two  ditches  divert  water,  namely,  the  South  Boulder  and  Coal 
dk  ditch  and  the  Community  ditch,  and  their  discharges  must  be 
ed  to  the  discharge  at  the  station,  in  order  to  obtain  the  total  run- 
>f  the  basin.  The  channel  of  the  stream,  which  is  rocky  and  full  of 
Iders,  does  not  change  materially.  Gagiugs  are  usually  made  by 
linjr,  but  at  high  water  they  are  mude  from  the  footbridge  just 
ve  the  rod.  The  observer  during  1900  was  Miss  Blanche  Barber, 
i  lives  near  by.  A  description  of  the  station  wa.s  published  in 
ter-Supply  Paper  No.  37,  page  229.  The  results  of  measurements 
1899  will  be  found  in  the  Twenty-fii*st  Annual  Report,  Part  IV, 
e  206.  During  1900  the  following  measurements  were  made  by 
L  Fellows: 

July  2d:  GttLge  height,  1.40  feet;  discharge.  85  second-feet 
August  28:  Gage  height,  1.10  feet;  discharge,  10  second-feet. 

y  gage  height,  in  feci,  of  South  Boulder  Creek  near  Marshall,  Colorado,  for 

1900, 


Day. 


May.  June.  July.  Aug.   Sept. 


Day 


May.  Juuc.  July.  Aug.  Sept. 


3.45 

.,  3.45 

:  3.45 

;  3.40 

I  3.20 

4.00  3.20 
4.00  I  3.20 
4.00  !  3.20  ; 
'  4.00  I  3.05  j 
4.00  :  3.00  > 
4.00  2.»5 
I  4.00  2.90 
(a)  2.90 

!  2.90  ! 

'  2.«0  1 

|3.'0' 

I 


2.40 
2.30 
2.30 
2.20 
2.25 
2.15 
2.15 
2.10 
2.05 
1.80 
1.80 
1.80 
1.80 
1.80 
1.85 
1.80 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


45 
50 
50 
50 
60 
50 
50 
45 
40 
40 
40 
30 
40 
35 

a5 

30 


1.00 
1.05 
1.00 
1.05 
1.05 
1.05 
1.05 
1.05 
1.00 
1.20 
1.10 
1.10 
1.10 
1.  (10 
1.05 
l.W) 


17 


18 

2.  (A 

2.70 

19 

20::::::::...:....'.:::.. 

2.65 

21 1 

2.85 

•» 

2.75 

s:::::::::::::::t::::: 

2.70 

24. !  .  . 

2.65 

S : 

2.60 

2tt 

2.45 

27 

28 

29 

• 
_ 

2.50 
2. 45 
2.45 

30 1 

2.40 

31 

1.80 
1.75 
1.70 
1.70 
1.70 
1.70 
Lit) 
1.60 
1.55 
1.55 
1.60 
1.40 
1.4(1 
1.70 
l.«0 


i.a) 

1.30 
1.30 
1.25 
1.30 
1.25 
1.30 
1.35 
1.35 
1.30 
1.20 
1.20 
1.10 
1.10 
1.00 


1.05 
1.10 
1.05 
1.00 
1.05 
1.15 
1.15 
1.10 
1.15 
1.20 
1.10 
i.lO 
1.10 
1.00 


a  Regular  readings  did  not  >)eg:in  until  Juno  1. 


BOULDER  CREEK  NEAR  BOULDER,  COLORADO. 

'he  general  character  of  Boulder  Creek,  one  of  the  tributaries  of 
Vrain  Creek,  is  similar  to  tliat  of  thc^  latter  stream.  The  piging 
bion  is  located  1^  miles  above  the  town  of  Boulder,  where  tlie  stream 
les  from  the  mountains.  There  are  two  small  irrigation  ditches 
)ve  the  stiition,  but  the  amount  of  water  diverte<l  does  not  exceed 
r  6  second-feet,  and  may,  thereof  ore,  be  disregarded.  The  channel 
:he  stream  contains  so  many  large  bowlders  that  accurate  measure- 
ttts  are  difficult  to  obtain,  either  here  or  at  any  other  point.  During 
h  water  measurements  are  made  from  the  bridge,  but  at  low-water 
ges  the  stream  (».an  be  gaged  by  wading.  The  entire  normal  flow 
ised  for  irrigation,  but  large  quantities  of  water  go  to  waste  during 
Hood  season.  Plans  are  being  considered  for  the  construction  of 
ge  reservoirs  to  store  the  flood  waters  for  the  irrigation  of  lands 
«rarid.     The  gage  rod  is  an  inclined  timber  spiked  to  stakes  driven 
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into  the  bank.     The  bench  mark  is  the  top  of  a  Iaii;o  slone  S 
west  of  the  gage  and  5.72  feet  above  the  zero  of  the  rixl.     Bitth  baii^ 
are  high  and  rocky,  and  are  not  snbject  to  overflow.     The  obsert 
for  1900  was  Mrs.  Carrie  Osgood,  who  lives  near  by.    A  dei 
of  the  station  was  pablished  in  Water-Supply  Paper  No.  37,  page  i 
The  resnlts  of  meaearements  for  1897, 1898,  and  1899  will  be  t 
the  Twenty-first  Annnal  Report,  Part  IV,  page  207.     During  19009 
following  measnreinents  were  made  by  A.  L.  Fellows: 

AprU  28:  Gage  height,  9.10  feet;  dlMbarge,  488  second-feet. 

Jnl7  97:  Osge  height,  1.40  feet:  dlsdu^e,  330  woond-feet. 

Aogiut  38:  Gtase  heifl^t,  0.«S  footi  diwhuge.  40  Mcond-faet 

DaOg  gage  height,  in  feet,  of  Botddtr  Creek  iKarBouMer,  Colorado,  for 


iiii 


B  'I 

III 


ST.   A-RAIN   TREEK   NEAR   LVONS,   COLORADO. 

St.  Vrain  t'reek  and  iis  Irilmtaiits  licrive  their  supply  i»f  water 
from  Iho  eastprn  slope  of  the  Fi-oiit  lltiiifre,  between  Tjon^  Peak  and 
James  Peak,  whicli  are  alxml  :io  miles  niiarl.  The  general  ti-eud  of 
the  dminagi'  is  northeasterly,  the  St.  Vrain  flowintr  into  South  Platte 
River  alxmt  r.  miles  lielow  the  town  of  Platteville.  The  principal 
tributaries  of  the  stream  are  tiie  Norlli  and  Snutli  forks  and  Boulder 
Creok.  South  Itoulder  t'reek  is  a  tributary  of  the  latter  stream.  Itt 
their  tipiwr  poitions  these  eroeks  flow  tlirtaiyli  mountainous  areas 
where  tlie  water  is  nswl  only  for  iiowor  puri)oses  and  for  plaeer  min- 
in^i  but  at  the  foothills  eaoh  stream  emei'^es  into  a  bi-oa*!,  approxi- 
mately level  valley,  devoted  eiitiivly  to faniiiun,  water  i>ein{r  furnished 
by  means  of  irrifjation  canals  leading  from  the  stream.':.  Three  stations 
are  maintained  on  the  main  stream  and  its  tributaries,  namely,  at 
Lyons,  on  the  St.  Vrain,  at  Itiailder,  on  the  Uoulder.  and  at  Marshall, 
on  the  South  Boulder.  The  station  at  Lyons  is  about  a  half  mile 
southeast  of  tlie  town,  and  i.s  below  the  iiitei-seetion  of  the  North  and 
South  forks. 

Records  of  the  flow  of  the  creek  at  or  near  Lyons  liave  been  kept 
since  April,  ISj^^,  except  during  the  years  IS'X)  and  liSSU,  but  the  sta- 
tion was  not  put  in  its  present  condition  until  Jiay  5,  18l'!>,  since  when 
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Eord8  have  been  kept  throughout  each  irrigation  season.     The  rod 
ftn  inclined  timber  on  the  left  bank  of  the  stream,  opposite  the 
wer  Hotel,  fastened  to  pieces  of  timber  driven  into  the  slaj?  embank- 
^nt.    The  stream  has  an  excellent  channel  of  gravel  and  bowlders, 
^d  is  not  likely  to  change.     Measurements  have  usually  l>een  ma<le 
^wading,  but  at  high  water  they  are  nimle  from  the  bridge  about  a 
q[iiarter  of  a  mile  below  the  gage  r<xl.     The  bench  mark  is  a  spike  2 
feet  from  the  west  side  of  the  trunk  of  a  large  cottonwo<Hl  tree  150  feet 
north  of  the  rod.     Supply  ditch  diverts  water  above  the  station,  and 
its  discharge  should  be  added  to  that  of  the  creek  in  oi*der  to  obtain 
the  total  run-off  of  the  basin.     The  observer  during  the  year  ll>0()  was 
L  H.  Dickson,  commissioner  of  the  St.  Vrain  water  district,  who  kept 
up  the  readings  during  the  irrigation  season.     Weekly  records  of  the 
discharge  at  this  point  have  been  furnished  to  the  Longmont  papers. 
Daring  the  greater  part  of  the  irrigation  season  th(»  entire  discharge 
of  St.  Vrain  Creek  is  utilized,  but  during  the  fl<H)d  period  consider- 
able water  usually  goes  to  waste.     Much  of  the  water  is,  however, 
itore<l  in  reservoirs,  and  is  used  to  advantage  at  low  stages  of  the 
.  stream.     A  description  of  the  staticm  was  publishe<l  in  Wat.i»r-Supi)ly 
[  Pliper  No.  37,  page  232.    The  results  of  measurements  for  181M)  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  208.     During 
190U  the  following  measurements  were  made  by  A.  L.  Fellows: 

March  13:  Gage  height,  2.06  feet;  discharge,  35  second-feet. 
April  2^7:  Gage  height,  3.68  feet;  discharge,  513  second-feet. 
July  27:  Gage  height,  2.70  feet;  dlAcharge,  193  second* feet. 

^lily  g*ige  lusight,  infeety  of  St.  Vrain  Creek  near  Lyons,  Colorado,  for  i:tf'('. 


Day. 


Mar.    ,    Apr.       May.     .Fiine.      July.      Auj^.      Sei)t.       Oct.       Nov. 


3. 

4. 
S. 

C. 
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F'Thw  Bli-eam  dmiiw  the  country  Uumediately  north  uf  that  dw 
by  tho  heHdwatere  of  St.  Vrain  Creek,  and  in  one  of  the  largest  t 
tarfos  of  South   Platte  River,  into  which  it  empties  about  4  i 
above  Ihe  town  of  Kvaitn.     Little  Thompson  Creek  is  an   imponai 
tributarj-  of  Big  Thompwiii  t'reek,  and  the  country  drained  by  Ihi^ 
two  Btreams  iiinkcn  up   irrigation    iliairict    No.  4.     The    junctin 
thffle  <T(j«'ka  is  near  the  lower  end  of  the  di.-dnet,  a  nhoft    dintanfl 
abovp  th«  point  where  their  eombined  wat*'rs  ent«r  Ihi'  South  I'laitl 
Reconis  of  the  flow  of  this  stream  were  begun  in  April.  ISSg.  a 
have   l>een   maintainet^  for   h  portion  of  each  year  since,  with  tb 
exception  of  the  yenirs  ISOo  and  1894.     The  station  was  eatablisbedi 
its  present  location  on  April  1,  18SI9.     The  only  divei-aion  above 
gaging  station  is  Handy  ditch,  a  record  of  the  gage  heights  of  whie 
is  kept  by  the  water  conimtssioner  of  that  distriet.  J.  M.  Wolavw 
who  haa  also  kept  the  records  of  Big  Thomjisou  Creek  at  lhi»  jxiis 
during  the  y^'ar  IDtMl.     It  la  iieeessary  Uj  inelnde  the  discharge  <| 
Handy  ditch  in  ortler  to  oblAln  the  I.otal  run-off  of  the  basin.     The  rO( 
IK  a  verticHl  2-inch  by  4-inch  timl>er  fasten^l  lo  the  downHtream  sidM 
tit  the  righl-hand  end  of  the  wagon  bridgi"  on  llic  i-anuh  of  Joft 
Clinsteeu.     The  lieneii  mark  is  io  feet  suiitli  of  tlie  gage,  and  is  aai 
in  the  root  of  a  cottonwood  stump,  tlie  head  of  tlie  nail  being  9.35  feo 
above  the  zero  of  gage.     The  cliannel  of  the  stream  is  lined  witH 
bowlders  and  is  very  rough,  but,  not  being  likely-  to  olLuuge,  it  fui^ 
nishes  a  good  point  for  obtaining  a«enrat«  ineasnreiueut!^     A  pei^ 
manent  station  could  lie  located  hei-e  to  advantage.      Like  the  other ' 
tributaries  of  the  South  Plalte,  nearly  all  of  the  normal   flow  of  liicl 
ThoNipsiin  and  Little  Thompson  creeks  is  used   for  irrigation,  ailS 
duriiif.' ihchigh-wat^r  stages  the  gre»t«r  part,  of  the  volume  is  diverMm 
into  iiirgc  reservoirs,  from  which  it  is  used  to  advantage  later  in  ikW 
season.     A  description  of  the  station  was  published  in  Wat*r-SupplJS 
Paper  No.  37,  page  333.     The  results  of  measurements  for  18!<!i  will  bn 
found  in  the  Twenty-first  Annual  Report,  Part,  IV,  page  211!'.     I>urin|t- 
1900  the  following  measurements  weiv  made  by  A.  I,.  Fellows: 

April  20;  Gage  height,  1.91  feet:  dischnrge,  513  seoond-feet. 

Jaljr  'id:  Gage  height,  1.35  feet:  diai-harxe.  'di2  second-feer. 
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^yQf^Q^  height f  in  feet^  of  Big  Thompson  Creek  near  ArkinSj  Colorado^fur  ItKH), 
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CACHE  LA  POUDRE  RIVER  NEAR  FORT  COLLINS,  COLORADO. 

This  stream  is  the  northernmost  of  the  larjro  tributaries  of  the 
South  Platte  which  issue  from  the  east  front  of  the  Koeky  Moun- 
tiin.s.  During  the  irrigating  season  its  di.sehargo  is  augmented  l)y 
the  supply  diverted  from  the  headwat(M-s  of  Lanimie  River,  whicli  lie 
unmediately  to  the  west  of  the  headwaters  of  the  Cache  la  Poudre, 
the  diversion  being  made  through  Sky  Line  eanal.  ^leasurements 
of  the  discharge  of  the  Cache  la  Poudre  Basin,  therefore,  include 
>ome  of  the  Laramie  waters.  Practically  the  entire^  flow  of  the  Cache 
1»  Poudre  is  used  for  irrigation  iiurposes,  even  the  greater  part  of 
the  flood  waters  being  stored  for  use  later  in  the  seas(m.  It  is  along 
tile  valley  of  the  Cache  la  Poudre  that  the  <\*irliest  and  b(*st  irrigaticm 
of  the  State  has  l^een  carried  on. 

The  gaging  station,  which  was  estal)lished  in  JSS4,  is  about  L')  miles 
above  F'ort  Collins. '  Since  its  establishment  it  has  Imhmi  maintained 
ttnder  the  direction  of  Prof.  L.  (t.  Carpenter,  of  the  Colorado  State 
Ap-icultural  College.  The  records  are  from  tin*  figures  published  by 
^ofessor  Carpenter  in  the  daily  papers.  TIk^  figurc^s  of  daily  dis- 
chai^e  for  the  years  1895  to  1800,  inclusive,  will  be  found  in  Water- 
Supply  Paper  No.  37,  pages  23o  to  2:57. 
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OPERATIONS  AT  RIVER  STATIONS,  1900. 

PART  IV. 


MKA8UUKMKNTS  AT  KIVKU  STATIOXS.' 

COMPUTATIONS  OP  SEEPAOE  IX  COLORADO. 

Discharge  measurements  of  a  number  of  the  principal  rivei*s  in 
Colorado,  iueluding  South  Phitte  River  and  its  tributaries,  also  Arkan- 
sas and  I'neompahgre  rivers,  have  been  !nad<»  during  h»w*-wat«»r  stages 
fors<»veral  yeai's  past  un<ler  tlie  direeticm  of  tiu»  agrieultural  experi- 
•  meni  station  at  Fort  Collins,  Colorado.  It  has  been  known  for  a 
numlmr  of  years  tliat  a  large  anunint  of  seepag(»  water  returiuMl  lo  the 
rivers  from  irrigated  areas  ad jaeent  to  them,  and  tliese  measurenn^nts 
were  instituted  in  order  to  determine  the  amount  of  this  returned 
water.  A  report  of  tlie  investigations  up  to  IS'JO  was  given  in  Hulle- 
tin  Xu.  'y-l  of  tlie  Colorado  State*  Agricultural  College.  Annual 
measurements  have  been  made  sine(»that  time,  and  it  is  the  inttMition 
of  the  eoUege  authorities  to  publish  the  complete  ivsults  in  an  addi- 
tional bulletin,  which  will  appear  shortly.  The  conclusions  reached 
from  tliese  measurements,  together  with  the  following  tables  of  the 
^sults  of  the  measurements  made  in  1000,  are  taken  from  the  ti^nth 
biennial  ivport  of  the  Stat(»  engineer  of  Colorado,  pages  *J  1  ( )-'J^^.» : 

1.  There  is  a  real  increase  in  the  volume  of  the  streams  as  they  jjuss  through 
the  irrigateil  sections. 

'^.  There  is  no  sach  increase  in  the  streams  as  they  pass  through  the  unirrigated 
sections.  On  the  contrary,  there  is  an  actual  loss,  even  when  the  drainage  of  a 
large  area  enters. 

•i.  The  increase  is  more  as  the  irrigated  area  is  greater. 

4.  The  increase  is  approximately  proportional  to  the  irrigated  area,  and  it 
seems  probable  that  with  more  intimate  knowledge  of  the  amount  of  wat«»r 
applieil  and  the  features  of  the  drainage  the  proportions  would  be  found  to  be 
cofle. 

•').  The  amount  of  the  increase  depends  very  slightly,  if  at  all,  upon  the  rainfa'l. 
and  so  far  as  it  does  it  is  influenced  principally  by  the  rainfall  on  the  irrigated 
lauds.  Only  where  the  lands  are  already  saturated  is  the  rainfall  sufficient  to 
cause  seepage. 

*  Continued  from  Water-Supply  and  Irrigation  Pap<«r  No.  4\l 
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6.  There  U  no  peioaptlble  o 
dnln  aerenl  thoiuand  iqukre  mllaa. 

7.  The  Inflow  ia  pnoticallr  Hie  n 
mar.  Ion  in  winter,  prinolpallr  b> 
aoIL 

8.  Tim  [iiiwimii  iif  fliii  11111111111 ■till  llii  iiiiitli  II II  III  iimji  iiliiiir.  in  Hial  it 

tftke  yean  far  the  aaepage  from  the  ontljing  land*  to  raoch  tlie  river. 

0.  The  amonnt  of  seepage  ia  bIowIj  bnt  conatantljr  increeslDg. 

10.  It  nwy  be  expected  to  inoreose  ror  some  years  to  come. 

11.  An  looreosed  amonnt  ol  land  may  be  bronght  nuder  cnltiTaUon  wlHi  tt 
more  eapecially  on  the  lower  portions  of  tite  a&eBms. 

l)t.  The  seepage  being  nearly  constant  throt^hoat  the  year,  while  tbe  needs 
greatest  ia  snmmer,  the  oee  of  storage  wiU  beat  ntilixe  the  water  from  iaSow. 

18.  On  the  Pondre  Blrer  abont  30  per  cent  of  the  water  applied  in 
returned  to  the  river. 

14.  ^le  nee  of  water  on  the  npper  portions  of  a  stream,  when  watei 
Immediately  needed  by  prior  appropriators,  will  Increase  the  flow  of  the  strssai 
late  in  snmmer,  and  prevent  snoh  low  stages  as  It  wonld  have  withoat  this  n|>-* 
lating  action. 

15.  The  seepage  water  Is  already  an  Important  factor  in  the  water  anpidj  tK 
the  agrJonltnre  of  the  State.  The  capital  valne  of  tbe  water  thns  rooeived  la  He 
valley  of  tbe  Cache  1h  Pondra  alone  is  not  less  than  9300.000,  and  perhaps  $300,001;, 
and  for  the  Platte  is  from  82,000,000  to  $1,000,000.  It  is  large  for  the  othM 
■tMams,  bnt  of  unknown  amount. 

10.  Anactnal  loss  is  Inoorred  in  carrying  a  stream  like  the  Platte  tiinmgb  sandy 
beds. 

17.  Ultimately  the  retanis  from  seepage  will  make  the  lower  portions  of  hA 
valleys  as  the  Platte  more  certain  of  water,  and  probably  enable  a  larger  aen^i 
to  be  grown. 


Cmnputationii  n/aeepage  on  Stnilh  Ptalie  River,  Colorado.  IS9S. 
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-i  ■        ISssr-sJ.Sj 
i     i      I  ifhlziShiii 


111  Water  CV>Dip«UF'iit«iuil .. 
lii'diteh".'. 


Do. ,  '  South  Plutlc  : 


•:-/t.'.'ief.-/t.'ser./l.\i 


ol-TiS 


Do  .  '  UuntliPla 


Oct.  ai  1 J<>. 


0  Klvcr 


J  Ditch "'.'.'.'. 

.'  tfeeiuxoHtrcam, -- 

.'  ClarkOuloli 

I  S<iuth  Platta  Rlvc 
I      liridiie.  Denver . 

i  FBriufWandVlar;! 


COLOBADO.  SO 

tmiprntatioiu  of  aeepage  on  South  PfaMe  River,  Colomdo,  JSun — Continneil. 


;fl| 


near  Creek 

.   Faltonditcb 

South  putts  RiTer 

Br«a titer  ditch  bol 
.   Biishion  ditrh  . . .. 

Sonth  Platte  Rive 
BrlEhtun 

.   Platte  Tille  di'tcii  .. 

donth    Platte    Rli 

PlMtevillo  ditch 

I    Eraiia  Ko.  S  ditch 

.  Side  Hill  and  Htad 


iwfieadorFnll'iD... 
■  at  bridge  we«t  of 


IH^II' 


.;  i3s.!ii    ».<ii  I 


Cook  ft  EeweB  ditcb  . 

I    Sonth  Platte  Rlrer 'lie 
.   BiK  Thompaon  Creek 


inditcU..i  KI1.W7 


SectloQNo.adltch... 

Lower  Latham  ditch 

Sonth  Platte  River  at  Evt 
Cache  la  Pondre  River. . . . 

LoDe  Tree  Creek 

9terUiij<»eepa«e 

9oDth  PlatteKiver  below 

Boxelder  Treok 

Bardea  ditch 

lAtbamnate 

CoroDa  ditch 

ijonth  Platte  River  at  hea 


.[  l.'a.4u  I  »<.;n     :»a.i4i 


I    WeldoQ  Valley  dtteh- 1 

South  Platte  Rlrer bI Orchard  Ivldse..  013. PH  '.., 
.    South  Platte  River  at  tJhaffiT-itronr....;  TII1.3J   ... 


Tbrtdiji:.. 


141.  ai ,. 


Dnenliftarderdltch  ..  I 

SoDth  Platte  River   at  Fort    Uorgan  , 

■     bridge I  lie. 

Piatt  ditch -I 

Platte  and  Beaver  ditch 

-  A.  A.  Smith  ditch i 

.  South  Platte  River  at  Hiiydt 

I  JohDwu&EdwardRdlti'h , 

I  TctMl ditch  -. - I 

.]  South  Piatt  ditch , 

I  DaviH  Brothel  B' ditch 

'  Pawoeedllch r 

South  PUtte  River  at  Meriuo  l.rld^...:  a-'tiZi   . 
SterliagNo.  1  ditch ' 


..',  South  PUtteRlrei 

»-  I  Low  Line  ditch 

-.  I  Iliff  ditch 

...South  Platte  Rivera 
...,  Harmony  No.  J  dltcl 


Iliiibridyo!  ■■.'.■.! 


::::.::.'':'' 

"7-ii;( 

'^■'■ 

:;:;-.-.::|ii,.» 

"i'S. 

::::::::«:» 

■«:» 

,:...■..- 

::::::::m;; 

"■('rsViM 

]..■,»:. 

::::".."S1S 

''n-sl 

i;iii: 

a  Seepage  not  iucludvd 


orSRATIOHS   AT'UTKB  STAHOiTO, 


,      ,  ...IdBK. 

■  Boicldor  (.'rwk  , 
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atpttbifioiu  of  seepage  on  South  Platte  River,  Colorado,  lAm— -Continaed. 


StrBftm  or  JItth. 

1 

1 

3 

1 

5 

si. 
1^1 

ihU, 
pi 

1 

1 

il 
f 

« 

South  PUtta  Blver  lit 

Sre.-fi. 
301.30 

Ste.-ft 

3M.42 

Ji«../(. 

n.tw 

^■ 

ii 

sa.Ti 

Sonth     Plmtta    Hirer 
above  Pntnun  ditch  . 

Me.M 

a.M 

W-Od 

»,l«[*li.« 

12.0 

.,« 

■• 

cSiS  s'stafd^r^itch'" 

II 

3M.11I 

IM.OO 

t».H 

S.5 

3.13 

«B.(1I 

Si 

u.ia 

TL!U 

li 

i 

■■ 

1 

n 

K^itfWs^- 

K..S 

■iaaw 

43. 7S 

-8:o-T-i.-^ 

Sooth  PlaWe  River  at 

«.. 

K.ffi 

W.JT 

9(M.U 

11,0           7.« 

lis.  OS 

85.51  Jdk£.  at 

IS.0 

Merino  bridge 

,.., 

i.'.h 

*^?ru'feU^^i''.''*. 

at.ou 

m.tt 

eiB  !  TU.UT 

».» 

4.M 

U,5U 

llift  bridge 

ikiutb  PlMto  Rlvur  at 

S7.7I 
HI.3S 
M.WJ 

=•■» 

55.71 

S.1U   7»e.ai 

■;;.»■ 

au 

■'^a'^stS"". 

om 

S.17 

■'o:is- 

TI1.35 

3.47 

7«.M 

37.  OS 
(.Deoi 

„,.,. 

17.11            l.«6 

a  All  water  taken  hr  this 

ditch. 

-eau. 
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BEAB  CBBBK.  COLORADO.  WO. 


A-bove  MorriKHiduii... 
Below  Mopriaon  dun.. 
Below  Pioneer  Unloa  dl 
Conotrllne 


CLEAR  CBEEE.  COLOBADO.  lOOQ 


SOUTH  BOULDBB  CBSES.  COLORADO,  IMO. 


BOULDEB  CBEEE.  COLOBADO,  laOO. 


.  OaelnK  "tRtlon 

.'  VHTnant  brldRC 

-I  LPK^P'l'"CrtBwiUK  ... 

.I'Plmubi'rwrfiiBiVonn 
.   One-tislt  uilu  abuvL'  ui 


ST.  VRAtX  CREEK.  COLI  IRAlw  i. 


.  rtoothofLyonB 

.  Brl')W  Ollgiiri'hj  ditch 

.  B»l.iwKIWotilitRb 

.  Ni'srConnty  Line .... 

!  Noiir  month  iifB^iuIdi>r'(¥i^k   '.. 


LEFT  HASH  CHEEK,  (■|>Li)R.\IHi.  V." 


Outol>?r2n RclnwJobiie 


<X)LORADO. 
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Coniputatifnin  of  aeejKige — Ck>n tinned. 
LITTLE  THOMPSOX  CREEK,  COLORADO,  liJOO. 


e. 


Locality. 


Diverted  ,  Section 

In  river.  I       by       >  Inflow.  |  grain  or 
canalH.  '  loss.- 


I 


Total 

gain  or 

I088. 


Kjr  15.    Below  Eagle  ditch 

Below  mouth  of  Dry  Creek 

Rtxrkwell  bridge 

>erl6.! do 

I  Below  Minor  &  Langdon  ditch . . 

Graham  bridge 

Near  month 


Sec-feet. 
0.74 

Sec.'/eet. 

St  i:- feet. 
0.(tJ 

Sec-feet. 

SeC'feet, 

2.67 

4.42 

1.91 
5.19 

- - ...• ... 
1.91 

3.34 

8.10 

3.31 

3.75 

3.45 

O.W 

3.89 
7.65 
3.28 

'ii.99 

11, 10 

9.08 

19. 54 

5.30 

22.82 

3 


At  weir 

1  Above  new  Mercer  ditch 

[ do 

i  Below  Larimer  &  Weld  dam.. . 

j do 

;  Below  No.  2  Reservoir  Supply 

ditch. 

do 

I  hi^trauss  bridge 

' ilo 

Below  No.  2  dam 

Below  Eaton  ditch 

'  ...do 

Below  Greeley  No.  3  dam 

Mill  power  canal 

Below  Camp  ditch 

One-fourth  mile  al>ovo  month  . 

At  weir  in  canyon 

Below  CoUine  waterworks  dam 

Below  Larimer  &  Weld  dam. . . 

.  .  do ! 

Below  No.  2  Reservoir  Supply  ' 
ditch. 

Above  head  of  Bozelder  ditch  . 

...do 

Mtransa  bridge 

Below  No.2canaldam 

)er 5..! do  

Below  Eaton  ditch 

...do 

Below  Greeley  No.  3  dam  | 

Below  Greeley  i>ower  canal 1 

.  do 


jer  4 


jer  5- 
>er;» 


>er31 


31 18.  S'> 
117.19 
138.  (G 
82.29 
146. 8^ 
120. 11 

112.  «i 
221.62 
2:ix<e 
80. 18 
51.  43 
♦•)5.»4 
12.66 
•St.  Oo 

13.  M 

118.32 
4.87 


197. 13 


0.39 


-I- 


)er  6 


»er  * 


■I 


Below  Camp  ditch 
Near  month 


15.02 
5. 74 

11.  (J9 

8.67 

11.75 

12.15 

9.87 

5.93 

6.21» 

2.96 

18.43 

18. 75 

9.78 

44.63 


105.80 

53.20 1 

76.79 

64'.  79  ' 

2.53 

■ **" •----•1 
LW.97 

138.00 

:u.38 

62.58 
6.27 

3.00 

59.25 

1.2:^ 

;::: :        \ 

5.08 
"-*3.*i3 


-  3.74 


-16.M 
5.68 


117.83 
34.24 


13.24 


MiJ.  MM 


4.:J8 

4. 15 


0.52 


3.56 
5.35 


3.06 
0. 97 


6.9; 


211.  frr 
5.93 


33.64 


15.44 
"6.*i8' 


6. 14  i 
1.37 


3.0Ci 


21.40  , 


24.49 
34.86 


BIG  THOMPSON  CREEK,  COLORADO, 

1900. 

Below  dam 

104. 76 
86.12 

104.16 
99.87 
76.  W 
69. 8r) 
21.«1 
26.32 
30.58 
28.91 
10.39 

23.76 

30.28 

29.21 

28.78 

34.45 

3.24 

2.27 

5.18 

4.67 

2.77 

.">.8« 
rVER,  CO 

167.16 
28.50 

At  Langston^s 

1.68 

8.18 

1           8.18 

do 

Below  L.  &  G.<'anal 

46.2:J 
19.55 

35.67 
0.06 

6.27 
—  3.  .54 

14.45 

Above  Farmers'  ditch 

10.91 

do *. 

Lvtlo  bridge  .         

47.16 
5.51 

-  1.09 
7.98 

9  82 

Below  Hill  &  Brush  ditch 

Ring  place 

2.24 

17.80 

do 

Below  Bitf  Thompson  and  Platte 

River  ditch. 
Near  mouth 

23.06 

26.08 

49.45 

10.40 

6.86 

3.35 

81.27 

1.72 

8.80 
25.25 

26.60 

14.20 


51.85 

>er  18. 

Below  dam  at  Chasten's 

At  I*«ngHt^>n*8. . 

0.66 

16.  n 

8.67 

-10.28 

9.02 

0.06 

8.67 

>crl7 

Below  L. &  G. dam         .... 

-  1  61 

Below  Farmers' ditch 

7.41 

Lytle  bridge 

do 

7.47 

>er9.. 

1.62 

Below  Hill  &  Brush  ditch 

do 

8.01 

10.48 

>er  8 . . 

6.99 
12.64 

LORADc 

Below  Big  Thompson  and  Platte 

River  ditch. 
Near  mouth 

4.26 
).  1900. 

5.00 
11.60 

L5.57 

27.07 

CACHE  LA  POUDRE  RI 

6.06 

""f.*95 

"-i2.82 


-16.56 


"33.40 

-27.77 


6.:io 

-21.47 

30.17 

8.70 

:w.29 

42.99 

4;^;)9 

8*).  38 

8.53 


12.09 
17.44 


2;j.58 
24.  a) 


27.98 


29.28 
50.68 


75. 17 
110.02 


I 
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KIO  UKANDE,  OOIjOttAIMJ.  IB").                                              i 

D«t«. 

L^'ullty.                        InrlTor 

I)1r.rwl 

iai.n 

Inflow-.  1  ^or  1  ea 

aKfStsi--. 

RaQrowl  aUHaii  at  South  Fork 
U.  a_^0«l  8<.rT.or  B»»in«  .t- 

m.ut 

lUt.Xt 

■M 

1  .«> 

if 

*'■{«' 

•■■u-.y-; 

*"'BS'" 

A10«-. 

:..*';;*:i: 

*'^'^- 

la 

Below  Mooto  Vlsla  brkltte 

■■-"*.«■• 
as' 

mM 

"  "iid" 

Do 

Below  Hli^hory-Jkcksoa  dllfh... 

aiil 

AboTB  inoath  ol  Coneii*  KJT«r . 

•ts 

-«! 

-i.»j  - 

roSE-TOS  RIVER.  COLOEADO,  WO. 

»^°-:::: 

uu 

i      '  ' 

Si.  77 

si 

11 

ill 

■•-j:s- 

•»"S™--  ■ 

5?ife»-^V::::: 

""ErE 

ttLItt 
U.I9 



li';aSl7»F?S',i-«s: 

UNCOIIPAHGBE  HIVER,  COLORADO.  IW"). 


Lor  1 

IS 

BB.ei 

K.U 

its 

6,17 

i.4D 

i.n 

Do 

1.10 

S 

1:8 

Hitrk  bridnVnear  UoutroBa'~Il 

11.10 

Wail 

E 

i'M 

^^^^;;;; 

LOUP   RIVER   NEAR   COLUMBUS,  NEBRASKA. 

This  station  is  located  near  the  iron  l>i-Uifj;e  of  tlie  l'"nion  Pa( 
Railway  just  west  of  Columbns,  Nebra.ska,  anil  only  a  short  dista 
above  the  month  of  the  river.  It  is  descril>ed  in  Watcr-SHpply  Pa 
No.  37,  page  240.     HesiiltH  of  measurements  for  18W  will  be  fount 
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ty-ftrst  Annual  Report,  Part  IV,  page  214.     During  1000  the 
discharge  measurements  were  made  bv  Adna  Dobson : 


scharge  measurements  of  Jjoup  River  near  Columbus,  Nebraska. 


Date. 


IWO. 


I  Qa.ge  .      Dis- 
height.'  charge. 


Feet. 
4.69 
5.20 
4.68 
4.67 
4.53 
4.05 
3.98 
4.38 


Sec-feet. 
2.365 
4,455 
2,772 
2,509 
2.161 
2,401 
1,705 
1,322 


Date. 


Gaaw 
leight. 


19«X). 

Angnst  12 

August  26 

September  18 

October  7 

October  31 

November  30 

December  19 


heig 


Feet. 
4.44 
4.40 
5.00 
4.55 
4.86 
4.58 
4.44 


Dis- 
charge. 


Sec.'feet, 
1.985 
2.582 
8,077 

9S,  *>H4 
3,246 
3,542 
2.674 


ge  height,  in  feet,  of  Loup  Ri'iYr  n4uir  Columbus,  Xebniska,  for  1900. 


Day. 

Apr. 

4. 75 
4.75 
4.75 
4.75 

4.75 

4.75 

4.75 

4.71 

4.70 

4.72 

4.74 

4.70 

4.80 

4.81 

4.80 

4.82 

4.85 



4.87 



4.90 
5.00 
6.30 

5.30 
6.30 

5.:t; 

6.27 

5. 26 

5.25 

5.25 

.'>.20 

5.20 

Moy.     June.  ,  July,  i  Aug.      Sept. 


5.10 
.5.00 
4.05 
4.96 
4.98 
4.95 
4.98 
5.32 
6.30 
5.00 
4.95 
4.05 
6.68 
6.20 
6.14 
5.05 
6.03 
6.01 
6.W 
4.95 
4.75 
4.72 
4.71 
4.70 
4.60 
4.65 
4.90 
4.80 
4.82 
4.70 
6.65 


4.85 
4.70 
4.50 
4.85 
4.87 
4.82 
4.75 
4.66 
4.  .55 
4.63 
4.66 
4.66 
4.62 
4.61 
4.65 
4.65 
6.28 
6.20 
4.85 
3.98 
3.95 
4.10 
3.85 
3.87 
3.83 
3.8M 

3.K5 
3.83 
3.83 
3.80 


*  I 


3.78 

3.90 

3.87 

4.54 

4.28 

4.98 

4.46 

4.62 

4.70 

4.40 

4.36 

4.20 

4.15 

o.  98 

3.98 

4.28 

4.78 

4. 78. . 

4.55  I 

4.38  ! 

4.35 

4.43 

4.45 

4.98 

5.06 

6.U> 

4.40 

4.60 

4.38 

4.a5 

4.35 


4.48 
4.43 
4.32 
4.28 
4.25 
4.26 
8.98 
4.05 
4.68 
4.68 
4.65 
4.44 


4. 

4. 

4. 
6. 


48 
43 
63 
53 
6.83 
5.60 
38 
48 
42 
,38 
32 
35 
50 


5. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


57 
70 
H8 
4.53 
4.35 
4.28 


4.15 
4.20 
4.23 
4.23 
4.25 
4.26 
4.25 
4.27 
4.27 
4.28 
6.96 
6.26 
6.46 
6.63 
5.48 
5.00 
4.70 
4.48 
4.48 
4.45 
4.48 
4.48 
4.50 
4.48 


4. 
4. 

4. 
4. 
4. 
4. 


48 
48 
50 
48 
48 
40 


«Clo!»**d  for  wiuter  Novem>>er  17. 


PLATTE   RIVER   NEAR  COLUMBUS,    NEBRASKA. 


Oct. 


4.46 
4.46 
4.48 
4.48 
4.50 
4.50 
4.56 
4.56 
4.68 
4.60 
4.56 
4.58 
4.68 
4.68 
4.57 
4.57 
4.56 
4.56 
4.60 
4.66 


5.00 
6.00 
4.81 
4.76 


Nov 


4.70 
4.66 
4.60 
4.48 
4.48 
4.46 
4.40 
4.48 
4.45 
4.48 
4.66 
4.56 
4.50 
4.66 
4.  .55 
4.50 
a  4. 68 


ition,  which  was  established  in  1805,  is  located  above  Merid- 
^e,  south  ot  Columbus.  It  is  described  in  Water-Supply 
).  37,  page  242.  Results  of  measurements  for  1899  will  be 
the  Twenty-first  Annual  Report,  Part  IV,  page  215.  During 
following  discharge   measurements   were    made  by  Adna 
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DUcliarge  meaitaremeHlii  of  llattr  Rhvr  imir  Cntumims,  Xfitra^ca. 

b«i^l.  el 


Clwu-d  for  vlnter  November  II. 


ELKHORX    RIVER    NEAR    NORFOLK,  NEBRASKA. 

Two  gaging  stations  are  iimintuiuitl  on  iliis  river,  one  at  Norlolk 
ant]  the  other  at  Arlington,  Nebraska.  The  station  at  the  fuimet 
pla<;e  is  at  the  Thirteenth  street  bridge,  -J  miles  sonth  of  the  town  ant' 
above  the  mouth  of  the  North  Fork  of  Klkhorn  River.  It  is  describe* 
in  Wat«r-Snpply  Paper  No.  37,  page  -43.  Hesults  of  measurement 
for  1890  will  be  found  in  tlie  Twenty-tirst  Annual  Rei>ort,,  Part  iV 
page  217.  During  I'M)  tlie  following  discharge  measurements  wet 
made  by  O.  V.  P.  Stout: 

Discharge  meaiiurfmeiilH  "/  Elkbnrn  River  near  yorfolk,  Xebraaka. 


D*t«. 

:.?.^; 

c^W 

». 

A 

sss,- 

..:-:««. 

*".ftlju..»        ""*■ 

*>,,. 

"-■I 

's;^s- ;;;;::;;: 

" 

? 

NEBRASKA. 
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J  height,  in  feet,  of  Elkhom  River  near  Norfolk,  Nebrcwka,  for  1900, 


Day. 


Apr.      May.  .  June.     July.      Aufc. 


l.H» 
1.87 

1.80 
1.78 
1.78 
1.77 
1.76 
1.71 

..... .. ... 

1.83 

1.87 

1.79 

1.83 

1.80 

1.79 

1.84 

l.W 

2.57 

2.40 

2.39 

2.42 

2.42 

O  IM 

2.66 

2.99 

3.<e 

3.10 

3.31 

3.48 

3.68 
3.54 

3.56 

3.62 

3.68 

3.67 

3.66 

3.67 

3.58 

3.40 

3.24 

3.25 

2.95 

2.84 

2.76 

2.62 

2.50 

2.52 

2.52 

2.87 

2.32 

2.24 

2.17 

2.13 

2.11 

1.95 

1.95 

2.(Ki 

1.96 

1.93 

1.83 

1.86 

1.85 


2.09  ' 

2.15 

2.20  ; 

2.03  ! 

1.99  > 

1.85  ' 

1.87  . 

1.80 

1.60 

1.69  , 

1.99 

1.80 

1.61 

1.60 

1.53 

1.58 

1.57 

1.50 

1.50 

1.50 

67 

57 
1.49 
1.47 
1.45 
1.39 
1.34 
1.34 
1.36 
1.35 


1. 
1. 


1.34 
1.35 
l.'U 

l.:« 

1.33 

\.'^ 

1.23 

1.23 

1.25 

1.22 

1.10 

1.15 

1.13 

1.13 

1.62 

1.62 

1.55 

1.63 

1.62 

1.52 

1.52 

1.52 

1.53 

1.53 

1.52 

1.39 

1.41 

l.:i9 

1.42 

1.34 

1.31) 


1.28 
1.26 
1.24 
1.20 
1.21 


Oct.    :    Nov. 


16 
16 


1.15 


14 
10 


1.04 


1.13 
1.14 
1.20 
1.30 
1.97 
1.67 
1.65 
1.68 
1.71 
1.62 
1.52 
1.48 

l.:» 

1.42 

1.48 
1.53 
1.53 
1.46 
1.42 
1.35 


I 


1.35 
1.30 
1.29 
1.34 
1.% 
1.27 
1.25 
1.25 
1.84 
1.25 
1.55 
1.58 
1.52 
1.49 
1.47 
1.45 
1.42 
1.38 
1.42 
1.46 
1.46 
1.38 
1.42 
1.41 
1.42 
1.35 
1.83 
1.35 
1.35 
1.33 


1.38 
1.33 
1.35 
1.34 
1.84 
1  34 
1.36 
1.84 
1.84 
1.85 
1.36 
1.32 
1.31 
1.35 
1.35 
1.34 
1.35 
1.35 
1.34 
1.36 
1.62 
1.75 
1.97 
1.86 
1.85 
1.83 
1.86 
1.85 
1.85 
1.90 
1.91 


1.86 
1.85 
1.82 
1.81 
1.82 
1.81 
1.81 
1.82 
L82 
1.8U 
1.82 
1.75 
1.74 
1.76 
1.76 
1.74 
al.75 


a  Clewed  for  winter  November  17. 
ELKHORN   RIVER  NEAR  ARLINGTON,   NEBRASKA. 

ion,  which  was  established  by  Glenn  E.  Smith  on  April  28, 
4ted  at  the  wagon  bridge  1  mile  west  of  the  town  of  Arling- 
deseribed  in  Water-Supply  Paper  No.  37,  page  244.  Re- 
easurements  for  1800  will  be  found  in  the  Twenty-first 
*port,  Part  IV,  page  218.  During  1000  the  following  dis- 
isurements  were  made  by  O.  V.  P.  Stout: 

irge  lueasnrements  of  Elkhom  River  near  Arlington,  Nebraska, 


te. 


». 


Gage 
heiKDt. 

Dis- 

charge. 

Feet. 
2.06 

StC'ft. 

3.25 

1.411 

3.25 

1.458 

l.HQ 

693 

1.80 

723 

1.25 

465 

1.25 

468 

Date. 


1900 

Aani8t2 

Do 

Angrust  14 

September  12  . . 
November  14... 


e        Dis- 
height.   charge. 


Feet. 
1.26 
1.26 
1.15 
1.15 
4.74 
2.06 


Sec- ft. 
458 
431 
441 
415 
2,855 
769 


>0— 01- 


-2 
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}ti{IS  gimr  height,  in  feet,  of  Elkbnni  IHver  n«ir  Arlington.  Nebnuka.farJt 


D>r. 

Apr.      JUy. 

Jiinp. 

July.  '   Ane. 

s«Pt  ,  (tei.  j  y- 

8:;: 

1;   1 

.Wt.      i,U 

.  .<jol      .a& 

|,    :§ 

.»'       W 
.» I       «i 

« 

1 
1 

'.31 

3! 

.ai 

.97 

i 

1 

S 
1 

i 

S 

.HI 

.»£ 

.:b 
.su 

.Ml 
.Hi 
.IH 
.HO 

:S 

S.JO 
S.IK 

1 

■s 
s 

;l 

.St 

le 

■1 
a 

Iff 

s 

X 

»l 

1 

J 
;S 

.» 

.at 

.3! 

lS 

'    .a 

■1 

.M 

'.at 

3-W 

:r 

S:::::;;:::;::;;:::;.:::::;:::;.:::: 

,.«j  JJ5 

.:::; 

aC 

kiB»]rt>rvliite 

iSaym 

Dbwtl. 

JfWDcQaneatM  discharge  iiwajtur^menla  of  atreuMU  in  yebraslca. 


■»- 

A«ti  L-ruek,  East 

Lt<aillt)r 

TJ.O-K^,-fo.  ... 

4 

Mm. 

JSs 

^ 

*"«'.'°::::: 

SsSB---- 

A/kafco^Vy."- 
...do ,' 

O.V.P.Btoot.... 

JBIT  17 ...... 

A.h  Creek,  Wwl    -- 
B«r8rCn«k— 

-.    AbovB  BroadhuTBt  _d«n. 

Ll 

*^'- 

W 

^"«:'.?:;;;; 

L.1tOeBlMHlvor-.. 

EutcuiKl. 

:::;^or^ri&-^is:T:- 

—  1  Bine  Sll^inl^- 
...'  Wilber 

:::!gli^^U,.i.....  ■ 

K. 

BiirBluoBl.^ 

.3; 1 

r.y.6'K«to..!;i 
o.v,p.stout ....; 

Adm?voii^n.::: 

O.V.P.Stont  .... 
A.B.M(.'Coake;.. 

gSSff.'. 

»0- 

M«TK 

^l 

...do...  . 

K'lrth  Fork  or  Elkbo 

.   .'  ft^7,  T    .   '              1.'   \V  " 
u     .VorfuIkJj'u^-tioiibndKo.- 

•-• 
»-» 

1- 

^^r^M:::::: 

...do 

..     uS^M^rivillodi;m:s;.c:" 

Do 

...  do 

»4.T.  BN„K  WW, 

...    Waanpla 

..,  Pfllisadi- 

::::::::: 

«»- 
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Umieotis  discharge  measurements  of  streams  in  Nebraska — Continued. 


Stream. 


Locality. 


I 


1*0.;  Frenchman  River. 


2* 


Oraff  ditch  .. 
Horse  Creek. 
Indian  Creels 


Lodffepole  Creek 

do 

do 

do 

do 

do 

..-.do 

....do 

do 


10. 


do. 
do 
-do 
do 
do 
do 
do 
.do 


Head    of    Inman's   ditch, 

8ec.l7,T.6N.,B.40W. 

Near  head 

Sec.ll,T.lN.,R.39W.... 
Line  between  sec8. 10  and 

ll.T.3N.,R.37W. 

Sec.l4,T.UN.,R.51  W... 

Sec.31,T.UN.,R.47  W... 

bee.  33,  T.  U  N..  R.  49  W  . . . 

.Sec.34.T.14N.,R.49W  ... 

Sec.  W,  T.  13  N.,  R. 45  W  . .. 

Sec.:J6,T.15N.,R.67W-.. 

Sec.a3/r.33N..R.15  W 

S.T.3.T.14N.,R.68W 

St?c.3,T.13N^R.4«W do 

S^*o.3tt.T.13N..R.45  W..-. do 

Seo.3.T.14N..R.58W do 

Sec.:J3.T.16N.,R.i)5W do 

fr^c.:«.T.15N.,R.57W do 

Sec.3.T.12N..R.45W ■■ do 

8eo.:0,T.14N.,R.49W....i do 

_    _       ___  ^^ 

....do 
....do 
...do 


Hydrographer. 


E.D.  Johnson 


Dis- 
charge. 


....do 

W.A.Channel... 
....do 

E.D.Johnson 

...do 

....do 

....do 

....do 

— do 

...do 

do 


do  .f. 


do 


do 

12   do 

15.1 do 

1?<.' do 

...  ' do 

....! do 

i do 

...I  Medicine  Creek. 

24.1  Monroe  Creek . . 
Muddy  Creek... 


r  tf.-   Niobrara  River . 
r  7.. I do  


.do 

.do 
do 


2i».. 
•5  .. 


do 

Platte  River 

South  Platte  River. 
North  Platto  River. 

do 

Plain  Creek 


North  Fork  of  Republi- 
can River. 

South  Fork  of  Repu>>li- 

I     can  River. 

rJi9.'  Republican  River 

do 

do 

do 

do 

•23..!  Rock  Creek 

;  SaltCreek 

I  Soldier  Creek 


S«c.31,T.14N.,R.47  W 
Sec.l4,T.14N..R.51  W... 
Sec.2.T.13N.,R.46W.... 
Above  Polly  ditch,  sec.  31), 

T.15N.,R.56W. 
Jk'low     Polly    ditch,    at 

bridge. 
<.)Tie  mile  west  of  Kimliall 

Kimball 

.  ...do 

do 

Above  Neuman's  dam 

Lodgepole  Station 

Chappell 

Cambridge 

i>ec.33,T.33N.,  R.5ttW... 
Three  miles  above  Arapa- 
hoe. 
Sw.  11,  T. 38  N..  R.  53  W  . . . 
Ureggs's  bridge,  near 

Marsland. 
Al>ove    Marsland.  sec.  6, 

T.28N.,R.51  W. 

Dunlaxj 

Head  of  Mirage  canal,  sec. 

3i>,T.39N..  R.41  W. 
Sec. 39,  T. 39  N.,  R.47  W... 

Fremont 

North  Platt« 

Crering  bridge 

do 

Iloef *s  mill,  sec  37,  T.  31  N. , 

R.  :U  W. 
Benkelman ().  V.  P.  Stout 


-...do 

...do 

...do 

....do 

....do 

.  ..do 

...do 

AdnaDobson ... 
T.J.O'Keefe.... 
AdnaDobson  ... 


J.O'Keefe. 
.-do 


A.  B.  McCoskey 


.do 
.do 


do. 


.do 


....do I 

O.V.P.Stout...J 

Adna  Dobeon I 

A.  B.  McCoskey . . 

do 

; do 


('^ulbertson , do 

Cambridge Adna  Dolwon 

Bridge  at  Edison '  E.D.  Johnson 

Bridge  at  Oxford ' do 

Bridge  at  McCook !  A .  B.  McCoskey . . 

S«Hr.31.T.lN..R.39W W.  A.Cniannol ... 


r22 
r34 


p35 


do 

Sowbelly  Creek 


pl 
p3 


Turkey  Creek 

War  bonnet  Creek. 
White  Clay  Creek. 
White  River 


do 
.do 


do 
.do 


Lincoln 

F(»rt  Robinson 

...do 

Head  of  Nutto  ditch,  se<*. 

34,T.33N.,R.5(JW. 

Naix)nee 

Sec.  31,  T.  33  N..  R.  56  W  . . . . 

S.JC.  1,  T. 31  N.,  R.  53  W 

First  wagon  bridge  below 

Crawford. 

Whitney 

Head  of  Crawford  canal 

ditch. 
Head  of  Crawford  ditch. . . 
Below  Crawford 


Ailna  Dobson 

T.J.O'Keefe ' 

...do. 

do 


O 
T 


V.P.Stout.--- 

J.O'Koefe 

-do 

.do 


do 
do 


A-  B.  McCoskey 
do 


Sec.-ft. 
U.3 

13.3 
1.3 
L3 

2.3 
2.0 
3.9 
6.3 
1.3 
4.7 
7.3 
9.2 
2.3 
3.1 
«.3 
ft.  3 
13.3 
L3 
rt.4 

3.3 
2.S 
3.4 

1.1 

1.3 
4.9 
1.1 
4.3 
3.3 
2.1 
3.1 
34.5 
.1 
3.7 

10.8 

n.3 

7.0 

14.1 
nl4.5 

4.0 

3.3rnj.o 

903.0 
:«).l 
034.8 

38.8 

41.7 

3.0 

0.0 

73.0 

Itt.O 

Jt.3 

li):i.8 

H.8 

.").s(C.O 

1.8 

3.5 

3.1 

7.0 

.  t 

L5 

13.5 

5.0 
U.O 

l'*.  5 
38.3 


rerting  all  the  water  of  the  river  at  that  pointsfe 


g  was  made. 


812         OPEBATION8   AT  KIYEB  STATIOKSf  1900. — PAKT  IV. 
REPUBLICAN  RIVIBB  NEAB  8UPBBIOB,  NBBRASKA. 

This  station,  wiiioh  was  established  June  20,  1896,  is  located  a1 
1  mile  west  of  Superior.    Discharge  measnrements  are  made  from 
highway  bridge,  thus  determining  the  total  amount  of  water 
over  the  dam  and  through  the  mill  race.    The  discharge  of  the 
race  is  measured  also,  and  is  deducted  from  the  total  dischaige, 
order  to  determine  the  amount  {massing  over  the  dam.    The  station 
.described  in  Water- Supply  Paper  No.  37,  page  245.    Results  of 
urements  for  1899  will  be  found  in  the  Twenty-first  Annual  Be] 
Part  lY,  page  220.    During  1900  the  following  measurements 
made  by  O.  Y.  P.  Stout  and  Adna  Dobson : 

Diaeharge  mmuuremenU  of  BepMiean  River  and  mitt  raee  near  Superior^ 

Nebnuka, 


Bir%r. 


Date. 


Wg 


1000. 

AprUlS 

2Sril» 

M&lf 

Jniwl 

JwMfl 

Amn^10 

Siiptenilwr  80.... 
Omohern 


leirht. 


0.01 

1.06 

.68 

.64 

.48 

1.78 

1.21 

1.81 


Dis- 
oharge. 


Sec.-/eet, 


1,0M 
467 
874 
812 
488 
67 
118 


XfU 


D»te. 


AiirU16. 
AprUM. 
lay  19.. 
June  1. . 
Jiina  81. 


1000. 


Gam 


JHeef. 


1.14 
2.80 
8.20 
8.10 


Ml- 


Sec-ftA 


Daily  gage  height,  in  feet,  of  Republican  River  near  Superior,  Nebr€iska,for  2900, 


Day. 


Apr.   1   May.   '  Jnne.     July.      Auk-    !  Sept. 


»r  I 


1 

0.74 

.7;^ 

.65 

.65 

.65 

.64 

.64 

.67 

.62 

.64 

.64 

.66 

.80 

.75 

.91 

1.00 

1.10 

1.04 

.98 

.96 

1.30 

1.09 

1.00 

1.41 

1.01 

1.06 

1.11 

1.17 

1.13 

1.00 

0.94 

•> 

.92 

3 

.90 

4 

.89 

5 

.84 

0 

.97 

m 

1.13 

8 

2.11 

u     

1.61 

10 

1.25 

11 

1.10 

12 

l.(B 

13 

.92 

u 

.90 

W 

1« 

.82 

•  i  i 

17 

.74 

18 

.66 

19 

.6:^ 

20 

.59 

21 w 

.62 

22 

.62 

23 

.59 

24 

.63 

25 

.70 

26 

.63 

27 

.59 

28 

.49 

20 

.49 

ao 

.58 

31 

.49 

0 


.7:^ 

0.41 

1.14 

.52 

.:«» 

l.JiS 

.52 

.30 

-.25 

.49 

.IH 

—.42 

.49 

.21 

1.29 

.4*< 

.20 

1.22 

.43 

.09 

—.67 

.39 

.21 

.01 

.35 

.09 

—.08 

.25 

.39 

-1.50 

.53 

.24 

(a) 

.73 

.19 

(tt) 

.79 

.07 

(a) 

.58 

-.50 

{a) 

.51 

-.58 

.21 

.65 

.51 

2.25 

.41 

.73 

1.52 

.42 

.90 

1.40 

.42 

1.05 

1.42 

.41 

1.23 

1.24 

.43 

1.20 

1.23 

.52 

1.22 

1.20 

.57 

1.14 

1.20 

.41 

1.21 

1.15 

.53 

1.14 

1.03 

.53 

1.18 

.91 

.54 

1.09 

.90 

.50 

.?i 

.99 

.43 

1.63 

.10 

.38 

1.46 

<«) 

1.30 

K(i) 

(a) 
{a) 

(«) 
(.«) 

(«) 

(«) 

(a) 

(a) 

(a) 

1.72 

2.62 

1.67 

1.40 

1.30 

1.32 

1.16 

1.-22 

1.19 

1.17 

1.13 

1.06 

1.21 

i.oe 

.82 

'% 

.32 
.:i9 
.83 


Oct.       KoT. 


0.94 
.83i 
.<» 
.99 
.15 
.15 
.01 
.39 
.44 

(a) 
.03 


22 

(a) 

.41 

.25 

(a) 

.13 

.28 

.07 

1.87 

1.2S 

1.31 

1.26 

1.22 

1.30 

1.16 

l.» 

1.12 

1.06 

.87 


0.0 
.% 
l.» 
l.SS 
1.10 

1.1» 

1.15 
1.11 
1.31 
l.» 
l.» 

1.30 

i.tn 

i.» 
i.a» 

1.22 
1.35 

(&) 


CI  No  water  at  gage;  all  in  mill  race. 


6  Ice. 


c  Closed  for  the  winter  Novemlier  24. 


KANSAS. 
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:tly  center  depths  in  feet^  of  miU  raee  near  Superior ,  Nd}raska,  for  1900. 


Dmj- 

Apr. 

Blay. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

3.65 
3.50 
3.78 
8.60 
3.57 
3.60 
3.70 
3.97 
3.50 
3.80 
3.87 
a  82 
a99 
a  76 

a  a) 

4.20 
4.27 

a  18 
a  06 

2.89 

a  37 
a  15 
a  00 
a  89 

2.29 
2.80 

2.78 

a  20 
a  30 
a  60 

a  60 
a  75 
a  89 
a84 
a  54 
a  57 

4.00 
4.31 
4.21 
2.99 
2.70 
2.76 
1.47 
1.52 
1.38 
1.58 
2.00 
2.87 
2.60 
a  02 
a  57 
a  50 
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KEPUBUCAN  RIVER  AT  JUNCTION,    KANSAS. 

his  Station  is  described  in  Water-Supply  Paper  No.  37,  page  248. 
October  23,  1900,  a  new  bench  mark  was  established,  at  an  eleva- 
i  of  12.35  feet  above  the  zero  of  the  old  gage.  It  is  a  spike  driven 
be  west  side  of  a  cottonwood  tree  18  inches  in  diameter  and  10  feet 
It  of  the  bridge.  The  spike  is  about  2  feet  above  the  gi^ound.  Tlie 
erver  is  W.  M.  Hickman,  engineer  of  the  waterworks  pumping 
tion,  which  is  about  100  feet  from  the  gage.  Results  of  measure- 
nts  for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part 
,page  221.     During  19(X)  the  following  measurements  were  made: 

May  5:  Gage  height,  4.50  feet;  discharge,  1,158  second-feet. 
May  22:  Gage  height,  4.10  feet;  discharge,  851  second-feet. 
September  24:  Gage  height,  3.40  feet;  discharge  364  second-feet. 
October  23:  Gage  height,  2.80  feet;  discharge,  203  second-feet. 
November  30:  Gage  height,  2.80  feet;  discharge,  133  second-feet. 
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'    Daily  guije  height,  tnftmt.  of  ReptMienn  River  at  J«naion,  Kanaaa,for  190 
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.                                       80L0U0N   RIVER  NEAR  NILES,  KANSAS. 

[   This  Station  is  described  in  Water-Supply  Paper  No.  37,  page  3* 
Records  of  dischar)i;e  measuromonta  will  be  found  as  follows ;  For  181 
KiiietL-BUtli  Annual  Report,  Part  IV,  page  342;  for  18D8,  TwentU 

Aniuiiil  Rcpoi-t,  Pjirt  IV,  patre  -'14;  for  1809,  Twenty- first  Anni 
Report,  Part  IV,  page  223.  During  1000  the  folhjwing  disohai 
measurements  were  made  by  W.  G.  Russell: 

Discharge  nieamireinents  of  Solomon  River  iiear  yUen,  Kansas, 
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m  height,  in  feet,  of  Sal&mon  River  near  HOen,  Katuun,  for  100<>. 


SALINE    RIVER   NRAK  »ALINA,  KAXRAS. 

hiH  Station  is  deacrilwd  in  Water-Snpply  Pajter  No.  37,  page  I'SO. 
observer  is  Charles  Tressin.  Records  of  i-esults  of  lueasui-eiiicnts 
be  found  as  follows;  For  18!t7,  Nineteenth  Aniiuiil'Keiiort,  Part 
page  346;  for  18!i8,  Twenttetli  Animal  Reixirt,  Part  IV,  page  IJIG; 
l^SO,  Twenty-first  Annual  Report,  Part  IV,  page  2-4.  During 
'I  the  following  discharge  iiiea.'JinenK'iits  wer*^  made  by  W.  G. 
ssell: 

April  7:  Gage  height,  :l.70  feet:  iliachnrge,  57  eecond-feet. 

April  31:  Oage  height,  ID.uO  feet:  dischftrge,  2.8')l  second-feet. 

May  23:  Gage  height.  o.OO  teet;  disi^barge,  lt)7  eecond-feet. 

October  4:  Oage  height,  5.(W  feet;  discharge,  i;S.T  second-feet. 

October  30:  Gage  height,  3.00  feet:  discharge  5.i  seconiJ-feet. 

December  2:  Gage  height,  'A.'M  feet:  diticliarge,  -i2  aecoud-feet. 
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Daily  gage  lirighl,  in  feet,  of  Saline  River  nt-ar  Salitm.  Kanaa».  for  JBOO.      ■ 
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L                      KUOKY   HILI.  RIVER  AT  ELLSWORTH,   KANSAS. 

^Thia  staUon  is  described  in  Water-Supply  Paper  No.  37,  p^s  SSL. 
5n  October  22,  IdOO.  the  bench  mark  was  tested  and  foond  to  Ml 
oorreot.     This  river  haw  not  fluctuated  mucli  diirinfi  the  year,     Thert' 
were  a  ft' w  periods  of  high  wali-r,  biu  ihrj-were  of  sliorl  duration, 
hud  ilio  rivtT.iiiit'kly  rfsiinn.-d  Uh  normal  stage.     Kesiillw  uf  ni.'a.iure-  j 

ments  for  l»aif  %Till  be  found  in  the  Twenty-Iii-st  Annual  Keport,  Part 
IV,  page  225.  During  1900  the  following  measurements  wei*  made 
by  W.  G.  Rusaell: 

April  9:  Gage  height,  1.05  feet;  discharge,  32  seoond-feet. 
Jane  IB:  Gage  height,  l.TO  feet;  discharge,  136  second-feet. 
September  14:  Gage  height,  2.42  feet;  dischai^.  410  aecond-feet. 
October  22:  Gage  height,  1.20  feet:  discharge,  57  aecond-feet. 


KANSAS.  317 

age  height,  in  feet,  of  S^mdeg  Hitl  River  at  Ellanxirth,  KantOM,  for  ISOO. 
'.  Apr.  Mb;.  June.  JulrJ  Aug.  Sept.   Oct.  | ' 
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BLUE   K[VEK   NEAR  MANHATTAN,    KANSAS, 

itation  is  described  in  Water-Supply  Paper  No,  37,  page  252. 
jmher  17,  1900,  the  gage  wire  and  weight  were  stolen,  and  s 
;e  was  established  at  the  same  elevation  as  the  old  (^ge.  Since 
>er  18,  1900,  Elmer  Drake  has  been  the  observer  at  this  sta- 
*  home  being  about  40  yartls  from  the  gage.  The  results  of 
iments  for  1899  will  be  found  in  the  Twenty-first  Aiinual 
Part  IV,  page  227.  During  1900  the  following  me tuiurements 
ide; 

'itKcharge  mrasinfiiwntii  iif  Bliif  Rirvr  near  Maiili<itliiii,  Kiinaan. 
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DaUy  gage  tmighl,  in  f«il,  of  Bluf:  Riivr  nrar  Manhattan,  Kan»aii,for  190". 
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AT  LECOMPTON,  KANSAS. 

Water-Supply  Paper  No. 
■e  was  established,  th»  old 

nge,  a  piue  hoanl  1  inch  b> 

^7,  page  252 
gajje  havia 
[  int- h  hy  I 

feet  long,  divided  into  feet  and  tenths,  is  spiked  on  top  of  the  ol> 
gage,  and  is  at  the  same  elevatiou.  On  October  36,  1900,  a  hencl 
mark  was  establialied  on  top  of  the  bottom  flange  of  the  iron  strn 
connectiug  the  two  iron  cylinders  at  the  south  end  of  the  highwn; 
bridge  over  the  river.  The  bench  mark  is  at  the  west  end  of  tli' 
strut,  next  to  the  cylinder.  Its  elevatiou  is  13.19  feet  above  thezer 
of  the  gage.  Records  of  discharge  during  1899  will  be  found  ii 
Twenty-first  Annual  Report,  Part  IV,  page  228.  During  1900  tin 
foUowiog  discharge  measurements  were  made  by  W.  G.  Russell: 
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DaUggage  height,  infett,  of  Kaiitan  River  at  Lrritmiiton,  Kannat.fnr  ISKhK 
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ARKANSAS  KIVBK. 


This  river  an<l  its  tributHi-it's  dniiii  pi-nctically  all  of  the  sontliwost- 
emi|uarter  of  the  State  of  Colorado,  The  main  stream  hoads  in  the 
vicinity  of  Tennessee  Pass,  in  the  central  portion  of  the  Stale.  'I'lience 
it  fl(iw8  southerly  for  about  70  miles,  then  east^'rly  for  about  50  miles, 
10 Canyon,  receiving  a  uunil»er  of  tiiltutaricH  from  the  mountainous 
srea  on  either  side.  At  Canyon  it  suddenly  einerfres  from  llu'  main 
mountainous  area,  and  thence  it  fli)ws  in  an  easterly  direction  tliroufrh 
Pueblo,  where  it  entei-s  the  great  plains  of  eastern  Colorado  and  Kan- 
sas. Within  2(M)  miles  of  Canyon  praetieaJly  jill  of  the  wjiter  of  the 
river  is  diverted  for  irrigation,  even  most  of  the  flood  watei-s  Ix-ing 
stored  and  used,  so  that  little  water,  exeejtt  at  tho  very  highest  slajjes 
"(the  river,  flows  out  of  the  SUtte  of  Colorado.  There  is  still,  lio«- 
ever,  a  consi<lerable  discharge  during  April  an<l  May,  whieh  was 
iimisually,large  for  those  months  of  the  year  1!HM),  when,  owing  to 
the  heavy  rains  upon  the  i)laiiis,  tlio  discliarge  of  the  slr«-ani  was 
HliDormal,  and  vast  quantities  of  waier  flowed  fitmi  it  into  tho  Gulf 
of  Mexieo. 

The  tributaries  ai-e  of  two  classes:  (1)  Tlioise  that  issue  fnim  the 
■uoantains,  which  have  a  perennial  flow,  and  (2)  tliose  wliieli  drain 
tht^  great  plains,  receiving  water  only  during  rains  or  in  llie  early 
siiring.  Of  the  first  class  are  Lake  Creelt,  liadger  Civek,  and  (4raije 
Creek;  while  Fountaiu  Creek,  St.  Charles  liiver,  lluerfnno  Kivi  r, 
Apishapa  River,  and  Purgatory  River  receive  a  portion  of  their  supply 
from  the  plains  and  a  /wmIioii  from  tho  mountains.     Oi  ^\w  wv-cixA 
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^aiass  are  such  water  courses  a-s  Horse  Creek,  A(lot}e  C'reek,  Big  Sanlj 

|£^reek,  Timpas  Creek,  and  maiiyothpi-s  of  lesser  nole.     The  drains 

iirom  the  plains  is  at  times  enormous,  bat  usuaUf  the  water  oonrseel 

Hmiat  district  are  dry.     The  flood  dischai^  from  some  of  these  era 

^■lAs  t>eeii  estimated  to  be  at  least  10,000  oabio  feet  per  seeond. 

Kthe  Htreams  which  head  in  the  niouutains  but  Sow  for  long  distant 

through  the  plaini*,  the  normal  discharge  in  invariably  nsed  for  il 

gation,  no  water  being  discharged  into  the  Arkansas  except  durfi 

Bood  seasons.    Considerable  water  is  being  stored  along  the  Arkani 

ia  the  reservoirs  of  The  Great  Plains  Water  Company,  also  at  1 

jXakes,  while  other  reservoirs  of  importance  but  of  smaller  s 

>^Uled  during  the  flood  season.     More  water  might,  however,  be  eta 

Jby  building  canals  large  enough  to  receive  that  from  the  plains  W 

^^eonduct  it  to  reservoirs. 

A  number  of   gaging  stations  have   been   maintained   along  f 
LTkansas  and  its  tribataries,  which  will  be  described  on  the  follot^ 

s  in  their  geographic  order.     Those  along  the  Lower  ArkansMi 

lolorado  were  maintained  uith  the  assistance  and  cooperation  of  T 

Qreat  Plains  Water  Company,  one  of  the  engineers  of  which,  Mr,  C.  1 

Beach,  has  juade  a  naml»er  of  measurements, 

r  The  seepage  of  the  Arkansas  Basin  furnishes  an  interesting  prefe 

Jem,  which  is  being  investigated  by  Prof.  L.  G.  Carpenter,  of  the  Ob1< 

Mdo  State  Agricultural  College,  at  Port  Collins.     A  study  has  ii» 

wfcVOen  made  of  the  underground  supply,  the  resalts  of  which  have  bMI 

~  published  in  the  records  of  the  ITnited  States  Geological  Snrvey.' 

During  the  year  1900  about  30,000  acre-feet  of  water  was  stored  ii 

the  reservoirs  of  The  Great  Plains  Water  Company,  and  the  dam  at  th 

Twin  Lakes  reservoir  was  completed,  permitting  tlie  use,  during  th 

latter  part  of  the  irrigation  season,  of  these  lakes,  to  the  great  benefl 

of  crops  lying  undev  the  i-aiial  of  the  Twin  Lakes  Land  and  Wate 

Company. 

LAKE   CREEK  AT  TWIK   I.AKES,   ('0L0KA1>0. 

This  creek  entei-s  the  Arkansas  a  short  distance  above  Gmnit€ 
Colorado.  It  is  not  a  large  stream,  but  it  is  of  importance  because! 
flows  through  Twin  Lakes,  which  liave  been  adapted  as  i-eservoir 
by  the  Twin  Lakes  Land  and  Water  Company.  Measurements  o 
this  creek  were  begun  June  21,  1H9?I,  by  O.  O.  McReynolds,  chie 
engineer  of  the  Twin  Lakes  Land  and  \Vater  Company,  who  at  tha 
time  had  charge  of  the  work  on  the  dam,  an<l  records  were  kept  to 
a  short  time  during  that  summer  and  again  during  the  summer  u 
1900.  In  July,  1900,  the  stations  were  relocated  and  put  upon  ' 
somewhat  more  permanent  basis,  one  station  lieing  established  Jul; 
10,  at  a  point  where  the  stream  discharges  from  the  upper  lake,  th' 
gage  rod  being  fastened  to  a  fishway  const  ruct^'d  several  years  befor* 

•  sixteenth  Ann.  Re|it.,  Pt.  II.  (jp.  .Ui-5)«. 
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The  measurements  were  made  by  wa<ling.  The  channel  at  this  upper 
stotion,  known  as  the  Interlaken  station,  is  ]:)ermanent  and  of  such 
acliarset«r  that  excellent  results  were  obtained,  but  the  station  can 
oot  be  maintained  in  1901,  as  the  storage  of  water  in  the  reservoirs 
will  flood  the  locality  to  such  an  extent  that  it  will  be  impossible  to 
make  measurements.  The  lower  Twin  Lakes  station  was  established 
Jnly  16,  1900,  by  O.  O.  McReynolds,  at  a  footbridge  constructed 
across  the  channel  below  the  point  where  the  artificial  waten^'ay  from 
ike  lower  lake  enters  the  natural  channel,  the  gage  being  fastened  to 
one  of  the  supports  of  the  footbridge.  The  channel  is  rocky,  but  is 
fairly  permanent  in  nature,  the  banks  being  high  and  not  subject  to 
orerflow.  The  object  of  establishing  the  two  stations  was  to  ascertain 
the  amount  of  storage  water  turned  out  from  the  lower  lake  by  the 
water  company,  in  order  to  determine  the  quantity  of  water  the  com- 
pany would  be  entitled  to  at  its  head  gate  below.  The  i-ecords  were 
kept  by  O.  O.  McReynolds. 

In  addition  to  the  measurements  made  at  the  stations  on  Twin  Lakes, 
one  measurement  was  made  at  Granite,  below  the  mouth  of  Lake 
Cneek,  namely,  on  July  0,  when  the  discharge  was  found  to  be  570 
second-feet.  During  1900  no  station  was  regularly  maintained  at 
Granite. 

A  description  of  the  stations  first  established  was  published  in 
Water-Supply  Paper  No.  37,  page  256.  The  results  of  measurements 
for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 
page  238.  During  1900  the  following  measurements  were  made  ])y 
A.  L.  Fellows,  O.  O.  McReynolds,  and  C.  W.  Beach : 


Discharge  measurements  at  Twin  Lakes ^  Colorado, 


New  ■  Interlaken)  station,  at  head  of  channel 
between  lakes. 


Old  station  at  hrid^f*  iM'tweon  lakos. 


Date. 


Gase  '      Dis- 
heifirnt.   chargt?. 


1900. 
Jnly  10 

Jolyle  

AofftttS 

o«pt*inber4 


Fett.  Sec.-ft 
0.85  I  348      JulyU  . 

.50,  122      JulylO 

.35  I  53 

.15  I  35   : 


Datt' 


VMUl 


Ga^^e         Dis- 
h«»i>^ht.   rhargo. 


Feet.  I  Stc-/t. 
1.70  j  2l« 

l.flO  '  W\ 

I 


^ev  Atation  at  junction  of  old  channel  and      Old  Htatiou  at  head  of  old  channel  Ixdow  lowt^r 
new  cut  below  lower  lake.  lake. 


Date. 


1900. 

i^yie 

,  Do::::;:::::: 

Attgwitll 

('•ptemberi 


Gage 

Dis- 

height. 

charge. 

1 

Feet. 

Sec.'ft. 

2.40 

345  '1 

2.35 

310 

2.50 

260 

1.97 

118  . 

2.13 

1.56 

1.30 

1 

35 

July  10 


Dut. 


1900. 


Gage        Di.s- 
height.   <'hurgu 


,   Fvet.  i   StC'/t. 
3.50  ;  193 


r                                          -J 
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9O11  (lag.-  h.:iQht.  luftet,  of  Lake  Crte}c  ni  -.ww  lUlfrlah-en,  mi».,^  M.i^n  Tv^ 
Lake*.  Colorado,  for  IWi.                                             1 

Ur 

JolT- 

AW 

U.JB 

;ai 
.so 
.aj 

.30 

D«y. 

July. 

Aue- 

6W^ 

D..J-. 

jQir. 

Anfr 

S.!»- 

'.  1 
'.  1 

,7 

.SB 

1 

■s 

iE 

9 

i 

S:;:r 

11.1$ 
.to 
.« 
.to 
.« 

1 

!3» 

0.31 
.31 

1 

:"r.j 

§:;-: 

"To- 

i 

L- — 

Daitygage  heiffht.  in/eet.tffLahr  Cretk  at  tunc  »tathm  UUw  lower  ^/Tmn 
Cvkimdo,  for  IWO. 

Ul^ 

-^ 

|1 

Jtar. 

Ang. 

8«pl.  1    Day.   '  July,     Ang. 

Sopt. 

u.,^ 

JOIT. 

Auk. 

e^ 

-i 

1.*. 

u        ' 

?" 

li 

i'tb 

!:::::;; 

1; 

ji; 

ri 

Is 

2.11) 

1.10 
X.10 

« 

Ir~--"  " 

S:::::;|--=^«H 

f                                      1 

AHKASSAJi  BIVBR  AT  SALIDA,  COLORADO.                            1 

This  station  i.s  located  at  the  footbridge  ucar  the  railroad  shops  »t 
Salida,  Colorado,  It  was  established  April  11,  IH'JS,  and  lias  bwn 
maiiitaiuedduriiig  a  portion  of  each  year.sinee.  Thegagerod,  a  vt'ili- 
cal  timber,  is  faatened  to  the  north  side  of  tho  footbi'idge,  but  cou- 
siderablc  difficulty  has  been  expcriem-ed  Ity  its  being  knocked  out  by 
ice  and  by  logs  duiing  high  water,  three  now  lods  lieing  necessar}-  in 
1900.  The  banks  are  high  and  do  not  overllow.  The  bed  of  tlie 
stream  consists  of  sand,  gravel,  and  bowlders.  Two  large  bowlders 
interfere  to  a  great  extent  with  the  accuracy  of  tlie  result.s.  As  the 
station  is  an  important  one,  these  bowlders  should  Vie  removed,  so  as 
to  improve  the  character  of  the  channel,  and  thus  lender  the  results 
of  measurements  more  reliable.  A  durable  gage  I'od  could  be  con- 
structed on  the  left  bank  of  the  stream  by  laying  a  heavy  timlier  in 
an  inclined  position.  The  stream  is  verj-  swift  at  this  jioint,  but  the 
channel  is  straight,  and  the  dischai-ge  can  readily  be  measured  from 
the  footbridge.  Little  water  is  used  above  Salida,  and  none  is  nseA 
below  that  place  until  Canj"on  is  reached.  The  observer  is  Williaffl 
Fumiss,  who  has  kept  the  recoMs  for  the  last  two  years,  the  gag^ 
heights  being  sent  to  the  local  forecast  official  of  tlie  Weather  Bureau 
at  Denver,  who  has  had  them  published  in  the  morning  papers. 

-rl  brief  description  of  this  station  was  published  in  ^Vater-Supp'y 
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erNo.  37,  i>age  258.  The  results  of  measuremeuts  for  1899  will 
ound  in  the  Twenty-first  Annual  Report,  Part  IV,  page  230.  Dur- 
1900  the  following  measurements  were  made  by  A.  L.  Fellows: 

AngOBt  8:  Gage  height,  1.08  feet;  discharge,  443  secoud-feet. 
Angust  22:  Gage  height,  0.88  toot;  discharge,  364  second-feet. 
March  15:  Gage  height,  0.00  foot;  discharge,  271  second- feet. 
Jane  14:  Gage  height,  4.30  feet;  discharge,  3,03((  second-feet. 

mlyyage  height,  in  feet,  of  Arkaatuis  River  at  Salidu,  Volurado,  for  10fH), 


Day. 

Apr. 

0.40 
.40 

.:io 

.30 
.40 
.50 
.40 
.10 
•     AS) 
.:;5 
..JO 
.30 
.:«) 
.;w 

.:» 

..50 
.35 
.  55 
.(K) 
.7«» 
.85 
.80 
.80 
.80 

.;o 

.'\) 

.95 

1.10 

May. 

June. 

5.UI 
4.(J0 
4.40 
4.10 
3. 75 
3.75 
4.10 
4.45 
4.05 
4.40 
3.40 
2.80 
2.80 
3.  (JO 
2. 75 
2.80 
2.8<» 
2.(i5 
2.55 
2.a5 
2.  .50 
2.80 
2.80 
3. 10 
2.80 
2.tw 
1.95 
2.00 
2.00 
1.K5 

July. 

1.90 
2.00 
1.85 
1.05 
1.85 
I.JIO 
l.tiO 
1.50 
1.25 
1.20 
1.20 
1.10 
1.10 
1.20 
l.(V) 
1.15 
1.20 
1.20 
1.35 
1.40 

i.:» 
l.:io 
i.:» 

1.40 

i.;j5 

1.30 

i.:{(j 

1.15 
1.10 

l.u> 

1.00 

Aujf. 

0.95 
.90 
.JW 
.90 
.«) 
.«) 
.W) 
1.00 
1.00 
1.05 
1.10 
1.00 
1.00 
.00 
.IK) 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.70 
.7(1 
.70 

Sept. 

Oct. 

0.05 
1.26 
1.45 
1.55 
1.80 
1.90 
2.00 
2.00 
2. 15 
2.45 
2.(iO 
2.(i0 
2.(50 
2.70 
2.6(» 

2.  (JO 
2.00 
2.(iO 
2.70 
3.00 
3. 10 
3.00 
3.30 

3.  (JO 
3.80 
4.10 
4.20 

4.:jo 

4.50 
4.(K) 
5. 00 

0.70 
.70 
.70 
.70 
.70 
.70 
.  75 
.85 
.90 
.90 

\M) 
.90 
.90 
.W 
.85 
.80 
M) 
.80 
.80 
.80 
.80 
.90 
.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

0.80 

M) 
.M) 

.  to 

.70 

.70 

.70 

.70 

.70 

.70 



.70 

.(Ml 

.HO 

.(Ml 

.00 
.(iO 

.m 

.00 

.55 

.50 

.50 

..50 

..50 

.50 

.50 

.50 

.5<» 

.50 

.45 

.40 

.W 

ARKANSAS   KIVEK   NEAR   CANYON,  COLORADO. 

s  Station  is  located  at  th<»  Hot  Springs  Hold,  H  iiiiU^s  AV(*st 
iiyon  aud  a  sliort  distanc(»  Inflow  llic  mouth  of  (4ra[)e  Creek.  It 
Htablished  in  1880,  and  records  have  Ihm'ii  k(*pl  since  thai  time, 
furnishing  most  valuable  data  of  the  discharjtre  of  tlie  i-ivtM*. 
tation  is  of  special  importance,  beinj^  located  at  th(i  month  of 
anyon  and  at  a  point  practically  aliovt^  all  of  the  irri^alicni 
?s,  excei)t  the  Canyon  City  ditch  (sometimes  C'alled  the  North 
litch)  and  the  South  Canyon  ditch  (.soiiKMinn^s  calhMl  tlie  South 
litch),  botli  of  which  head  aV)ove  tln^  station.  Durin^^  the  irri- 
i  sea.son  each  of  tliese  ditch(»s  carries  from  Hi^  to  OO  cul)ic  feet  of 
|)er  second,  according  to  the  ikmmIs  of  th(»  irri<j:ators,  and  their 
arge  should  be  added  to  the  discharge  at  the  station  in  ord(»r  to 
Q  the  total  riin-olT  at  the  mouth  of  the  canyon.  Tlie  gage  rod  is 
elined  timber  fastened  to  t  he  north  end  of  the  suspensiim  bridge 
iging  to  the  Hot  Springs  Hotel.  The  channel  is  straight  for  a 
distance,  and  being  lined   with   bowlders  it  v.\oqs  wot  w^vvWVg 
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change,  thus  furnishing  an  opiM>rtunity  to  obtain  fairly  aoeurate 
results.  The  observ(»r  is  (t.  A.  Prentiss,  manager  of  the  Hot  Sprin^i 
Hotel.  During  19()()  the  following  measurements  were  made  of  the 
two  ditches  mentioned: 

Diacharge  nieaHureinentH  of  Canyon  City  and  South  Canyon  ditchett. 


Dat<f 


Canyon  •    Soott 
(ntv       CanjroD 
ditch.        ditch. 


IWN). 

March  14 

June  14 

JnlyW 

September  H 


•S*  c.'/t. 
8 
6H 


Sec.'ft. 


31 

a 


A  description  of  this  station  was  published  in  Water-Supply  Paper 
No.  37,  page  258.  The  results  of  measurements  for  181)0  will  be  found 
in  the  Twenty-fii-st  Annual  Rei)ort,  l^rt  IV,  page  2M,  During  1900 
the  following  measurements  were  made  b}'  A.  L.  Fellows  and  R.  W. 
Hawley : 

March  14:  Gage  height.  2. S.*)  feet;  dischar^re,  408  second-feet. 
June  14:  Gage  height,  3.50  feet:  discharge,  3,235  second-feet. 
July  20:  Gage  height.  2.85  feet;  discharge,  570  second- feet. 
September  8:  Gage  height.  2.10  feet;  discharge.  229  secoud-feet 
September  12:  Gage  height,  2.10  feet;  discharge,  205  second-feet. 

Daily  (fage  heigh  f,  in  fert,  of  Arkansas  Rivt'r  nmr  Canyon^  ( 'olontdo,  for  JOffK 


Dav. 


Jan.     Fi'li.    Mai".    Apr     May.  .Tnn«»    July.  Ana.   S<*]it..  ()«'t.    Nov.    Jk<. 


1     

•1 
( 1 

-'.':>iV 

-'.  ivr 

2.fo" 
^i'.so 

2.  HI 
M.mi 
a.  00 
a.  00 

;;.  10 
:;.  10 
;;.  lo 
:{.  10 
:;.  10 
:;.  10 
:i  10 

:;.  15 
:{.4o 
.{.lio 
:j.:io 
.'{40 
:j.4o 
:{.:>o 
:{.»'.<i 
:{.:o 
:j.5»o 
ro.') 

4.  45 
4.50 
4.  15 
4.40 

i.:r) 

4.  15 
4.K5 
4.110 
5.C-') 
l.'.»5 
4..'-o 
4  !HI 

l.*.NI 

5. 25 
5.»ai 

5.  '.»5 
•i.  25 

it.  45 

ji.  r»5 
()  i;<i 
r».  45 
r..;«i 

15. 25 
0.20 
»,.  :i5 

J).5<i 
«'..  (0 

♦;.  ;r» 

•j.  15 
5.  •»5 
5.  75 
5.  H5 

5   liO 

5.40 
5.5o 
5.  45 
5.  45 
5.  Xt 

.5.:io 
5  :{.-. 
5. ;}} 
5.  .5-5 
5.  •'».'» 
5.  25 
5.0.-, 
.5.0:') 
4.«)0 
4. 5.') 

4.45 
4.25 
4.20 
4.  15 

;{.  k5 
.s.  SI 
:j.7o 
:5.  r) 
:?.:5 
:>.<.io 
:{.  15 
:i.  45 
:{.  T) 
:?.  -.Vt 
:$.  :-i.i 
:;  :;ii 
:{.2o 
:{.Hi 
:{.o<i 
2  ;'5 
2.  w 

2.  K5 

2.  HI 

:i.  00 
2.  v. 
2.  S5 
2.  {«» 
2.  H) 
2. 115 
2.  .'m 
2.  ;i5 

2.  «) 
2.:;.'» 
2.40 

2. ;{.'. 

2.:  10 
2..'»<i 
2. 45 
2.  45 
2. 55 
2.00 
2.  ;V) 
2.  10 
2.  15 
2. 5.'. 
L'.  40 
:t.:iu 
2  :.''i 
2  15 
2.  15 
2.  lo 
2.  rjo 
2.20 
2.20 
2.  15 
2.  15 
2. 25 
2  20 
2.-.'<l 
2. 15 
2.  10 
2.  15 

2.10 
2.  15 
2.10 
2.  U.' 
2  lo 
2  10 
2.  10 
2.  10 
2.  lo 
2.  lo 
2. 10 
2.  15 
2. 10 
2. 10 
2.  10 
2.10 
2.  lo 
2.05 
2.  Jio 
2.00 
2.<KI 
2.<«» 
2  (Nl 
2.00 
2.«m 
2.U5 
2. 15 
2.  10 
2.00 
2. 10 

2.  10 
2.  lo 
2.  lo 
2. 10 
2.  10 
2.  lo 
2. 10 
2.  10 
2.10 
2.  15 
2.2<i 
2.20 
2. 25 

2.;«i 
2.  :i.5 
2.  :i.5 
2.40 
2. 40 
2.  :r, 
2.:yi 

2.2(1 

2.20 
2. 2«) 
2.20 
2. 20 
2.20 
2.20 

2. 15 
2. 10 
2.  10 
2. 10 

2  10 
2.I0 
2. 10 
2.20 
2.:{o 
2.:.o 
2.  .ill 
2.:bi 
2  2') 
2.2"  1 
2. 25 
2.20 
2. -''I 
2.20  , 
2.20 
2.20 
2.2-. 
2.:«o  1 
2.:io 
2.  :»o 
2.;  JO 
2.:io 
2.  .10 
2.40 

2.40 
2.4<i 
2.50 
2.  .10 
2..')«) 
2.  Till 

4 

.">   

•i 

i 

> 

111  [.[[[.["....... 

':}."iV)" 

^1 4,» 
:•!«) 

2  4i» 

■J.  M 

24t> 
;!  fi 

11 

;.'  +> 

l-» 

8  10 

••  .VI 

l:j  

-'.  «iO 

* . .  -  *  • 

— 

:j.  lo 
:{.2«i 
;;  20 
:{  20 

:N'i 

14 

15 

2;w 

ICi 

;»i( 

17 

IM.. 

-'.  ivo 

:-'.H) 

:i.2o 
;i.2ti 

21" 

ll» 

L»0 

'-'.':.o' 

.... 



:{.:«i 

'1 4i.» 
24" 

21 

;j  .j<i 

2V' 

•>» 

.'J  50 

:;.'i" 

2J 

:{  40 

25i> 

24 

2. 1'rf) 

2.  HI 

;{.  10 
8  :)o 

l¥t 

25 

23) 

2« 

•'.V 

27 

2H 

2.ryi 

------ 

:i.2o 

A  2<» 

2» 

.{.  15 

24"* 

»> 

2  4(1 

31 

"  <I0 

24<) 
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ARKANSAS  RIVER  AT  PUEBLO,   COLORADO. 

This  station,  which  was  established  iu  September,  1894,  is  looat/ed  at 
lie  Union  avenue  bridge  in  the  city  of  Pueblo.  Until  March,  1900, 
le  gage  rod  was  a  2-inch  by  6-inch  plank  bolted  to  the  masonry  wall 
:  the  south  end  of  the  Main  street  bridge,  but  owing  to  the  scouring 
'  the  channel  it  became  necessary  to  replace  the  gage  by  one  about 
t  feet  below  the  south  end  of  the  Union  avenue  bridge.  Discharge 
easurements,  however,  are  still  made  at  the  Main  street  bridge. 
ie  channel  at  this  point  is  excellent,  and  it  would  be  of  very  great 
due  to  the  entire  division  to  have  a  permanent  station  of  concrete 
tablished  here.  The  channel,  which  is  of  bowlders  and  gravel,  is 
•nfined  by  high  masonry  walls,  so  that  there  is  little  change,  except 
at  it  fills  during  low  water  and  scours  out  during  high  water. 
lie  flow  of  the  stream  is  rapid,  but  not  too  swift  for  accurate  meas- 
;ements.  ITiis  station  is  an  imi)ortant  one,  being  located  near  the 
»d  of  the  principal  irrigation  portion  of  the  valley,  only  one  ditch  of 
iportance  l)eing  taken  out  above  it  iu  the  Pueblo  district,  although 
)nsiderable  water  is  used  in  the  ditches  in  the  neighborhood  of  C'an- 
Dn,  which  is  in  another  water  district.  It  is  iip<m  the  gagings  made 
t  this  point  that  the  water  superintendents  and  commissioners  depend 
)r  distribution  of  water  to  ditches  below.     The  present  gage  rod  is 

2-inch  by  0-inch  vertical  timber,  bolted,  like  the  former  rod,  to  the 
lasonry  wall  and  marked  in  feet  and  tenths.  On  June  13,  1900,  tlie 
age  rod  was  connected  with  a  bench  mark  on  the  coping  at  the  north- 
rest  corner  of  the  Union  avenue  bridge,  which  was  found  to  be  19.70 
eel  above  the  zero  of  the  rod.  The  gage  readings  during  1900  liave 
•een  made  by  T.  J.  Burrows,  water  commissioner  of  the  Pueblo  water 
istrict. 

Gage  heights  at  this  station  during  1899  were  published  in  Wator- 
upply  Paper  No.  37,  page  259.  The  results  of  measurements  for  1899 
'ill  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  232. 
>uriDg  1900  the  following  measurements  were  Jiiade  by  A.  L.  Fellows, 

'.  W.  Beach,  and  R.  W.  Hawlev: 

*■  • 

Discharge  measurements  of  Arkansas  Rh:^^  at  Pnehlo,  Colorado, 


Date. 


'  Gage 
height. 


19U). 

CarchS 

Urchie 

^J^ 

■»ya 

ivMia 


Dis- 
charge. 


Feet.  ' 
2.17 
2.05 
2.34  : 
2.15  , 
5.70  I 
5.10  I 


Sec 


ft. 
4«s 

4.J5 

675 

608 

5.072 

3. 963 


Date. 


Gage        Dl8- 
holght.'  charge. 


urn.  Feet. 

July  17 ■  2.50 

July  21 1  2.25 

September  3 I.:i5 

Septembers I  1.43 

September7 ,  1.40 

September25 1  1.82 


Sec'/t. 
751 
583 

191 
174 
340 


IRR  50— <J1- 


-3 
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iMtaji  gage  height,  in  feet,  <ffArlcaiMta  River  at  JPuebio,  Colorado,  for  l&OO. 


JSD.   Feb.   Hu.  Apr.  I  Uay,  Jane.  Jnlf.  AuK.jaepl.l  Oct    KoT.  a 


"'.'.'.'A  s'.O 
'  l.B 


2.lin  ,  l.lfi    S.Bt 


I.SO,Z.HB  S.l« 
l.m  3.UU  1.80 
l.H)  >  t.K     t.TO 


ARKANSAS   BtVER   NEAR    NEPKSTA,  COLORADO. 


BPThis  station,  wbluli  is  locat«tl  at>  the  wagon  bridge  a  short  distaiH 
above  the  tovn  of  Nepesta,  is  maintained  by  The  Qreat  Plains  WatI 
Company.  It  was  established  September  S,  1897,  and  has  been  raaiw 
tained  diiriug  the  irrigation  seasons  of  18;<8,  18!iy,  and  liiOO.  TW 
gage  rod  consists  of  a  vertical  timl)er  sofurely  fastened  to  the  iipstreaB 
cylinder  of  the  bridge,  on  the  left  side  of  the  river,  readings  at  to* 
water  being  made  by  means  of  a  small  temporary  gage  on  the  rigbti 
hand  side.  The  ehannel  above  ami  below  the  station  is  straight  fe( 
several  hundred  feet.  The  bed  is  sandy  and  shifting,  so  that  thi 
results  are  not  altogether  satisfactory  for  tb(^  purpose  of  making  It 
rating  table.  The  observer  is  J.  A,  Braun,  railway  station  agent  I* 
Nepesta.  A  brief  descrijitiou  of  this  station  was  published  in  Wate^ 
Supply  Paper  No.  37,  page  2W.  The  i-esulta  of  mi-asnrements  for  ISB9 
and  ItJSV  will  be  found  in  the  'I'wenty-tirst  Annual  Report,  Part  IV, 
page  233.  During  1900  the  following  measurements  were  made  17 
C.  W.  Beach  and  B.  W.  Hawley: 

April  13:  Qage  hdgbt,  4.80  feet:  discbarge,  1,101  eecond-feet. 
October  8:  Oage  height,  8.70  feet;  discharge,  140  second-feet. 
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r  Nepetla,  Colorado,  for  190i). 
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ARKANSAS  BIVER  NEAR  ROCKYFORD,  COLORADO, 
station  is  located  about  2  miles  northeast  of  Rockyford,  at  a 
bridge  crossing  the  river.  It  was  established  May  3,  1897,  by 
Cressy,  water  commissioner  of  that  district.  Mr.  Creasy  main- 
the  station  as  long  as  he  remained  in  charge  of  the  office,  but 
hen  no  reports  have  Ijeen  received.  The  last  report  is  dated 
',  1900.  The  river  is  straight  for  a  distance  above  and  below 
dge,  but  the  bed  is  very  sandy,  and  changes  radically  at  differ- 
ges  of  the  water,  so  that  the  results  obtained  from  any  single 
table  should  be  considered  approximaU'.  A  better  location  for 
tion  js  at  the  ford  about  3  miles  above.  A  brief  description  of 
vtion  was  published  in  Water-Supply  Paper  No.  37,  page  581. 
B  for  18'j7  and  1899  will  be  found  in  the  Twenty-first  Annual 
,,  Part  IV,  page  234.  The  figures  for  liSOS  were  published  in  the 
enth  Annual  Report,  Part  IV,  page  338. 
age  height,   in  feet,  of  Arkanta»  River  iwrcr  Rockjiford,  Coloraih),  for 
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ARgATOAfl  BITEB  AT  PBOWKB8,  OOLOBADa 

ThiB  station  was  estabUshed  in  Septemberi  1809,  Imt  no  ¥eooi 
wero  kept  nntil  the  spring  of  1900.  It  is  at  the  diversion  dam  aer 
the  river  at  the  head  of  the  Colorado  and  Kansas  canal,  that  point  bfli 
sdeoted  in  tiie  hope  that  tiie  channel  tiiOTe  might  pro  ve  to  be  permane 
which  np  to  the  present  time  has  been  the  case,  and  the  rating  cm 
obtained  gives  excellent  results  within  the  limits  of  the  measoremei 
made.  The  station  is  of  special  importance,  as  it  is  practicaUy  at  1 
head  of  irrigation  disteict  No.  67,  only  the  Colorado  and  Kansas  cai 
and  the  Peterson  ditch  being  taken  ont  above  in  that  district.  1 
gage  rod  consists  of  a  piece  of  board  fastened  to  the  upper  side  of  t 
right-hand  wing  of  the  dam,  the  zero  of  the  rod  being  level  with  f 
lowest  place  on  the  crest  of  the  dam.  During  the  greater  i>art  of  1 
year  little  water  passes  this  point,  and  during  the  low  stages  watei 
so  valuable  that  the  greatest  care  should  be  exercised  in  its  distril 
tion.  The  observer  is  D.  L.  Birge,  head-gate  keeper  of  the  Colori 
and  Kansas  canal.  During  1900  the  following  measurements  wi 
made  by  A.  L.  Fellows  and  C.  W.  Beach : 

* 

July  19:  Qnge  hsight,  0*88  foot;  discharge,  118  aeoond-feet. 
July  5:  Gage  height,  0.60  foot;  discharge,  SOi  Baoond-f eat. 
July  88:  Qage  height,  0.776  f6ot;  diBchazge,  540  aaooiid-ftet. 

When  the  last  measurement  was  made  60  second-feet  was  goi 
into  the  ditches. 

Daily  gage  height,  in  feet,  of  Arkansas  River  at  Prorcers,  Colorado,  for  1900, 


Day. 

Apr. 

1 

o 

8 

4 

5 

6 

7  _ 

a::::::::::::::::;:::::::....::::.:::....::.. 

9 

10 

11 

12 ! 

18 

u .   . 

15 

1.30 

16 

i.ao 

17 

1  20 

18 

3.70 

19 

2  30 

ao 

1  90 

SI 

2  20 

tt 

1  70 

s : 

1  HO 

M 

1  70 

m 

2  ^ 

m 1 

2  flO 

m ;:;. 

1  30 

'-■' —  -  -  •_. 

1.10 
4.«0 
i  70 

i8i""7".     •-••———... 

May.  ;  June.     July.      Aug.   ■  Nov.   j  D« 


4.10 
3.10 
2.  HO 
2.70 
2.30 
2.20 
2.2U 
2.20 
2.20 
2.30 
2.30 
2.90 
2.20 
2.70 
2.6» 
2.40 
2.20 
2.10 
2.30 
2.10 
2.20 
3.40 
3.10 
2.80 
2.60 
2.50 
2.50 
2.50 
2.40 
2.U) 
3.10 


—   — i 



2.60 

0.90 

2.70 

.70 

3.00 

.50  1 

3.50 

.40  ! 

1   3.00 

.40  ' 

3.10 

.30 

2.70 

.30 

2.30 

.20 

2.30 

.30 

2.21) 

.20 

2.40 

.20 

2.90 

.15 

2.40 

.15 

•> 


30 
10 
(K) 
2.0U 
l.W) 
1.80 
1.70 
1.50 
1.80 
1.80 
1.40 
1.20 
l.J» 
1.20 
1.10 
.90 
1.20 


.20 
.20 
.20 
.05 
.(ft 
.15 
.10 
.15 
.15 
.15 
.15 
.25 
.40 
1.60 
.90 
.70 
.50 
.25 


i- 


0.20 
.30 
.15 
.15 
.10 
.10 
.20 
.30 
.2f) 
.30 
-40 
.70 
.60 
.50 
.40 
.30 
.10 
.00 


la) 


.1 


0.20 
.10 
.10 
.10 
.10 
.20 


d  from  August  19  to  November  24;  water  being  diverted  into  irrigation  canals. 
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1REAK8AS  RIVER  AT  AMITY   CAKAL  HBAD  GATES,  COLORADO. 

The  ^tion  is  located  at  the  head  of  Amity  canal,  7  miles  west  of 
uur,  and  is  maintained  by  the  Amity  Canal  Company,  which  keeps 
the  records  of  the  amount  of  water  flowing  into  the  ditch,  over  the 
dun,  sod  ont  of  the  wast«way  of  the  canal.  Xo  measurements  were 
aide  ab  this  point  daring  19(X).  On  April  7,  1900,  K.  R.  Bannii4t«r, 
gate  keeper  of  the  Amity  canal,  made  a  .single  measun'ment  at 
lbf>wagon  bridge  crossing  the  river  north  of  Lamar,  and  found  a  dis- 
brgeof  8.890  second-feet. 

ARKAKSAS   RIVER   NEAR   GRANADA,  COLORADO. 

This  station  was  established  July  24,  1808,  being  located  at  the  head 
gat«8  of  the  Baffalo  Creek  canal,  -  miles  northeast  of  Granada. 
Tliere  is  an  earth  and  brush  dam  across  the  river  at  that  jwiiit,  but 
owing  to  its  unstable  nature  the  gage  heights  are  of  little  value,  giv- 
ing, as  they  do,  merely  an  idea  of  the  rise  and  fall  of  the  rivei',  without 
putienlar  refereuce  to  the  actual  discharge.  Since  the  establishment 
of  the  station  readings  have  been  made  throughout  the  irrigation 
ttisuns  (1898,  1899,  and  1900)  by  Ben  Riley,  head-gtite  keeper  of  the 
Buffalo  canal.  No  measurements  have  been  made  at  this  poiut,  «nd 
DO  rating  tAble  has  been  computed.  A  brief  description  of  the  station, 
with  gage  heights  for  1899,  was  published  in  Water-Supply  Paper 
No.  37,  page  264. 

ft'%ffOflt  height,  in  /eel,  of  ATkamas  River  near  dranada,  Colorado,  for  JlfjO. 
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ARKANSAS   BH^ER  AT  HUTCHINSON,  KANSAS. 

[  This  stAtioD  was  established  May  13, 18Si5.  It  la  deBcribL-d  in  Wn 
Supply  Paper  No.  .^7,  page  2155.  On  October  25,  1900,  n  new  gage 
put  ill.  It  Ib  a  pine  timbor,  2  iiichuD  by  2  inches  by  5  feet  luB] 
marked  iu  feet  and  tenths,  aiid  is  fasteiied  to  the  east  side  of  the  et 
cylinder  of  the  third  set  of  cylinders  from  the  uorth  end  of  the  bridj 
at  the  Mauie  elevation  as  the  old  jfage.  Results  uf  measuremoul 
will  be  found  as  follows:  For  ISSIti,  Eighteenth  Annual  Report,  Pai 
IV,  page  233;  for  1897,  Nineteenth  Annual  Report,  Part  IV, 
361;  for  1898,  Twentieth  Annual  Report,  Part  IV,  page  343;  for  lS9ft 
Twenty-first  Annual  Report,  Part  IV,  page  23'i.  Daring  1900  thefol- 
lawing  discharge  measarements  were  made  by  W.  G.  Russell: 

I  Ditoharge  mea»iavment»  of  Arkaneat  River  at  Hntehituan,  Katuaa. 
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If  gage  heighi,  in  feet,  of  Arkansas  Rh'erat  Uutehituon,  Kansas,  for  l$00,  I 
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VBBDIORI8  RIVER  NEAR  LIBERTY,  KANSAS. 

This  station,  which  was  originally  established  in  AnguBt,  1895,  is 
desoiibed  in  Water-Supply  Paper  No.  37,  page  265.     In  1900  a  nevr 
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eh  nuffk  was  established,  consistinff  of  3  naila  driven  horizontally 
■ »  root  on  the  river  side  of  a  cottonwood  tree  40  feet  south  of  the 
t,  the  nails  being  8  inches  below  a  sandetone  rock  which  pro- 
les from  a  hollow  in  the  tree.  Its  elevation  is  11.88  feet  above  the 
lof  the  old  gage.  Resultsof  measurements  will  be  found  as  follows: 
1896,  Eighteenth  Annual  Rejiort,  Part  IV,  page  235;  fur  1897, 
eteenth  Annual  Report,  Part  IV,  page  3Clt;  for  1898,  Twentieth 
lOftl  Report,  Part  IV,  page  ;144;  for  1899,  Twenty-firat  Annual 
nrt,  Part  IV,  page  237.  During  19U<)  the  following  discharge 
tsarements  were  made  by  \V.  G.  Russell: 

lUj  10:  Qag«  height.  2.00  feet;  discharge,  36S  eecond-feet. 
June  11:  Gage  height,  3.40  feet;  discharge,  043  second-feet. 
June  33:  Qoge  height,  2,40  feet;  discharge,  169  eecond-feet. 
October  1:  (}age  height,  81.70  feet;  discharge,  3S,000  second-feet.' 
October  28:  Gage  height,  3.00  feet;  discharge,  43T  second-feet. 
November  38:  Oage  height,  4.00  feet:  discharge,  B8o  second-feet. 
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NEOSHO  RIVER  NEAR  lOLA,  KANSAS. 

lis  station,  which  was  established  in  July,  1895,  is  described  in 
*r-Supply  Paper  No.  37,  page  2iil.  Records  of  discharge  meas- 
nents  for  the  years  1896,  1897.  1898,  and  1899  will  be  found  in  the 
nty-flrst  Annual  Report,  Part  IV,  pages  245  and  24(5.     I>iiring 

>  Partly  eatlnuted:  33.(M)(  socond-reet  meunred. 
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TEXAS  BIVERS. 

The  year  1900  was  marked  by  an  increased  fliiw  <»f  all  of  the  Ti 
rivers.  The  flow  of  the  two  previous  years  was  somewhal  I>elow 
average.  In  all  of  the  atreanis  frotii  the  Pecos  east,  and  cspeciaU 
that  section  bounded  by  the  Pecos  and  Colorado  rivers  and  bj 
International  and  Great  Northern  and  the  Sontliern  Pacific  raiiro 
generally  known  as  the  Edwards  Plateau,  the  increase  in  the  flo 
marked,  the  discharge  of  the  Coloratlo  l>eintr  frreater  than  at  any  i 
during  the  last  twelve  years.  All  of  the  stn.-anis  forming  the  systei 
the  foot  of  the  Edwards  Plateau,  namely,  Barton  Spi-ings  at  Au; 
the  San  Marcos  at  San  Marcos,  Comal  River  at  New  Braiinfeis, 
AntonioRiver  at  San  Antonio,  Leoua  River  at  T^valde,I^s  Moras  Ci 
at  Hrackettville,  Mud  Creek  in  the  western  part  of  Kinney  Con 
and  the  San  Felipi-  Springs  at  Del  Rio,  have  shown  a  ilecided  incr 
in  their  volume.  In  fact,  during  1900  the  entire  seeiion  i-eferred  to 
raised  the  best  stock  of  the  last  ten  years,  which  nieiiiis  an  abundi 
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of  nin.  Barton  Springs  more  than  trebled  its  flow  of  1898,  while  San 
Antonio  River,  which  had  been  dry  for  several  years,  began  to  flow 
dnriiig  the  latter 'i>art  of  1899,  and  its  discharge  Increased  to  such  an 
iitent  that  the  water-power  plants  started  up  early  in  the  year  1900. 
Leona  River  at  Uvalde,  which  had  also  been  dry  for  several  years, 
began  to  flow  again;  Los  Moras  Creek  shows  an  increase  since  the  flood 
of  Jnne,  1899;  and  Mud  Creek — dry  since  1893 — began  to  flow,  making 
irrigation  from  it  again  possible. 

BRAZOS  RIVER  AT  WACO,   TEXAS. 

i    In  September,  1898,  a  gage  was  established  on  the  southwest  bank 

I  of  Brazos  River  at  Waco.     It  consists  of  an  inclined  iron  bar,  3  inches 

;  ly  1  inch,  reading  from  0  to  4.3  feet,  bolted  to  a  hard  pine  stick 

16  feet  long,  embedded  in  cement  in  the  sloping  limestone  of  the 

bink,  flush  with  the  surface,  on  which  are  painted  the  graduations 

above  4.3  feet.     The  gage  is  inclined  at  an  angle  of  sin  "^t:  to  the 

54 

horizontal.  Three  bench  marks  have  been  established.  The  first  is 
on  the  lowest  water  table  on  the  southwest  pier  of  the  suspension 
bridge,  and  is  marked  "U.  S.  G.  S.  44.33  B.  M."  The  hydrant  at  the 
somer  of  First  and  Austin  streets  is  at  an  elevation  (by  gage)  of  43.32 
^eet,  while  the  top  of  the  rail  of  the  San  Antonio  and  Aransas  Pass 
Etailroad,  a  few  feet  from  the  hydrant,  is  at  an  elevation  of  41.12  feet. 
Daring  1900  fourteen  measurements  of  the  flow  were  made.  The  bed 
3f  the  river  is  shifting  sand,  and  nearly  every  freshet  modifies  the 
cross  section,  so  that  at  the  same  gage  Iieights  the  river  sometimes 
Bows  in  one  channel,  sometimes  in  two  channels,  under  the  suspen- 
sion bridge  from  which  the  measurements  are  made.  In  order,  there- 
fore, to  plot  a  rating  curve,  the  measurements  for  1900  will  have  to  be 
arranged  in  a  January  to  July  group  and  an  August  to  December 
group,  as  the  channel  was  modified.  So  far  as  known,  the  minimum 
flow  of  Brazos  River  at  Waco  occurred  on  December  2<J,  ISOS,  the 
discharge  being  141  second-feet. 

The  Unitod  States  Weather  Hureau  commenced  observations  of 
the  flow  of  the  river  at  Waco  on  August  1, 1900,  on  a  gage  painted 
on  the  southeast  portion  of  the  pier  of  the  St.  Louis  and  Southern 
Railway  bridge  nearest  the  center  of  the  river.  Graduations  are  in 
f^t  and  tenths,  and  extend  from  zero  to  '^7  Tcet.  The  bench  mark 
in  the  top  of  the  rail  in  front  of  the  St.  Louis  and  Southern  Railway 
station  at  Waco.  It  is  41.5  feet  above  the  zero  of  the  ^iv^^i^  and, 
according  to  the  levels  of  the  railroad  conii)any,  it  is  410  feet  above 
sea  level.  During  the  year  this  gage  was  for  nuiny  weeks  surrounded 
l>ya  sand  bank,  and  on  two  occasions  the  edge  of  the  water  was  00 
feet  distant  from  the  gage. 
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LEON    RIVER,  TEXAS. 

Leoii  River  rises  iii  Eastland  County,  Texas,  and  flows  th 
Comanche,  Hamilton,  Coryell,  and  Bell  counties,  emptying  into 
River,  a  tributary  of  Brazos  River,  A  short  distance  above  I 
it  receives  the  waters  of  Cowhouse  Creek.  The  flow  of  I^on  Ri 
utilized  at  Belton  by  tlie  electric-light  plant.  The  dam,  whie 
bailt  in  1894,  is  of  wood,  built  up  in  u  compact  mass.  The  ■ 
stream  face  has  a  vertical  fall  of  7  feet,  and  then  terminate 
slifchtly  inclined  apron,  which  serves  to  break  the  fall  of  the 
and  carry  it  off  without  damage  to  the  lower  toe.  The  length  < 
dam  is  160  feet,  the  total  height  above  bed  rock  12  feet.  The 
heads  are  bnilt  up  to  a  level  above  the  banks,  and  constitute  tht 
of  one  of  the  highway  bridges  across  the  river.     The  water  is 
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the  lake  above  the  dam  by  a  flnme  on  the  west  side  of  the  river. 
lis  flame  rests  on  a  well-protected  framework,  which  is  boarded  up 
fhe  river  side.  The  power  house  is  about  100  feet  below  the  dam, 
leie  a  fall  of  11  feet  is  obtained.  The  river  rarely  ceases  to  flow  at 
Aton,  but  during  the  fall  it  is  so  low  that  it  does  not  furnish  sufB- 
mt  power  to  supply  the  electric  lights  for  the  town.  On  an  average 
b  river  furnishes  sufficient  power  for  two-thirds  of  the  year,  and  an 
ziliary  steam  plant  is  used  to  tide  over  the  stages  of  low  water. 
le  power  required  by  the  electric-light  plant  is  from  150  to  200 
rsepower.  On  December  19,  1900,  the  flow  of  the  river  was  meas- 
ed  by  Thomas  U.  Taylor  at  a  point  halfway  between  the  dam  and 
e  bridge  of  the  Gulf,  Colorado  and  Santa  Fe  Railroad,  about  75 
jds  below  the  dam,  and  a  flow  of  165  second-feet  was  found.  The 
aasurement  was  made  in  the  afternoon,  and  about  6  inches  of  water 
18  flowing  over  the  dam. 

LAMPASAS  RIVER,    TEXAS. 

The  junction  of  Lampasas  and  Leon  rivers  forms  Little  River,  which 
»ws  into  Brazos  River.  The  Sulphur  Fork  of  Lampasas  River  rises 
the  city  of  Lampasas,  and  is  formed  by  two  springs,  the  Hancock 
id  the  Hanna.  The  Hancock  Spring  is  about  1  mile  from  the  court- 
rase,  and  its  flow  on  December  18, 1900,  as  measured  by  Thomas  U. 
lylor,  was  10.3  second-feet.  The  measurement  was  made  just  below 
.6  ford,  and  about  400  feet  below  the  bath  house  at  the  spring.  The 
im  of  the  electrics-light  plant,  which  is  a  little  more  than  a  half  mile 
riow  the  spring,  backs  the  water  up  to  within  200  yards  of  the  spring. 
he  flow  of  the  spring  is  stated  by  citizens  to  be  reliably  constant, 
he  Hanna  Spring  is  about  a  fourth  of  a  mile  from  the  court-house^ 
id  almost  on  the  opposite  side  of  the  town.  It  rises  in  a  large  arti- 
2ial  pool,  60  feet  in  diameter,  constructed  of  stone  and  cement.  The 
Bter,  which  is  strongly  impregnated  with  sulphur,  flows  out  of  the 
X)l  over  an  inclined  apron,  and  can  be  diverted  to  the  large  bath. 
Duse  near.  The  stream  formed  by  the  spring  has  been  diverted  from 
8  original  channel,  and  is  conveyed  underground  a  distance  of  about 
X)  yards,  although  at  certain  places  it  is  visible  through  the  boxes, 
16  sides  of  which  project  above  the  surface  of  the  ground.  At  one 
I  the  boxes  the  flow  of  the  spring  on  December  19,  1900,  was  found 
>  be  4  second-feet.  The  waters  of  these  springs  are  utilized  by 
arious  power  plants. 

There  are  three  dams  across  the  Lampasas  within  1|  miles  of  the 
ty  of  Lampasas.  The  electric-light  plant  is  in  the  suburbs  of  the 
ty.  It  has  a  stone  dam  14  feet  high  and  160  feet  long.  The  water 
conveyed,  by  a  race  nearly  300  yards  long,  to  the  power  house,  where 
fall  of  14  feet  is  obtained.  The  waters  above  this  stone  dam  are 
)ld  back  during  the  day,  being  used  only  at  night,  and  the  lake 
)ove  the  dam  fills  and  the  water  begins  to  flow  over  the  dam  shortly 
ter  midday.    A  judicious  use  of  flashboards  would  render  more 
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power  available.     With   an   efficiency  of  75  per  cent  a   flow  ( 

I  Cubic  foot  of  water  would  give  a  continuous  horsepower  of  1.2,  ( 

total  of  12  horscpowt^r  if  used  continuously,  or  a  total  of  28.8  h<l 

power  if  used  for  only  ten  hours  ilurinir  the  day  and  ht>Id  back 

lonrt«en  hours.     An  auxiliaiy  steaiu  engine  is  used  at  the  i 

plant.     The  second  dam  is  alwut  thn-e-fourths  of  n  mile  Ijelow 

atone  dam.     It  is  an  old-fashioned  woodeu  stracture  1^0  feet  le 

*nd  gives  a  fall  of  U  feet.     The  triangular  frame  bents  are  < 

1  [Qtructed  with  the  inclined  braces  upstream.     To  these  braces  sheet 

Jf'iiB  nailed,  which  forma  the  upstream  face  of  the  dam.     With -a  ( 

^BjStf dranlic  wheel  1  cubic  foot  of  flow  should  give  1  horsepower  at 

^Bdam.     The  power  here  is  used  by  the  Donovan  flour  mill,  but  the  I 

^B  of  the  stream  is  under  the  control  of  the  upper  dam  to  such  an  exi 

^K'tbat  a  gasoline  engine  is  used  as  an  auxiliary  i>ower.     The  lower  dl 

^Kwhich  is  also  of  woot],  is  abont  three- fourths  of  a  mile  below 

t  l>onuvan  dam.  and  has  a  fall  of  about  10  feet. 

i  COLORADO   RIVER  AT  Al'STIN,  TEXAS. 

During  ll'OO  the  (low  of  Colorado  River  of  Texa.s  was  the  largB 
during  the  last  twelve  years.     The  flood  of  April  7,  which  < 
,Away  the  great  masonry  dam  at  Austin,  wan  general  over  soathw 
rrexas,  but  its  only  disastrcr  was  limited  to  the  demolition  of  tl 
JiBtnicture.     A  full  discussion  of  the  flow  of  the  nvev  will  be  found 
"Water-Supply  Paper  No.  40.     From  measurements  made  in  IS'JS 
was  demonstrated  that  the  minimum  flow  of  the  river  at  the  headoP 
the  lake  cri^aU'il  by  the  Austin  dam  (the  so-called  Lake  McDonald) 
was  less  than  )nn)  second-feet,  from  which  should  be  deducted  ibe 
evaporation  from  the  3  square  miles  of  lake  surface,  making  the  Do* 
at  the  forebay  of  the  dam  still  smaller.     The  supposed  minimum  flo* 
of  1,000  second-feet,  upoa  which  the  construction  of  the  dam  and  its 
allied  enterprises  was  predicated,  was  one  of  the  greatest  overestimaW 
known  to  American  engineering  practice.     With  a  fall  of  62  feet,  tlH 
flow  of  the  river  at  low  stages  could  not  develop  even  900  horsepower, 
while  6,227  horsepower  hwd  been  counted  upon  for  minimum  stages 
of  the  river. 

Records  of  the  depth  of  water  on  the  crest  of  the  dam  at  Austin 
were  kept  from  September  1,  1895,  to  January  1,  1900,  and  the  uiasi- 
mum  and  average  depths  of  water  on  the  crest  as  recorded  by  the 
gttgQ  were  as  follows: 

Depths  of  irater  on  crest  of  Atintin  dam. 


J 


^'teo  r«. 

nga           J 

—^ 
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On  account  of  the  inequalities  of  the  crest  line  of  the  dam,  all 
lepUia  must  be  increased  by  0.009  foot  to  get  an  average  for  the 
rliole  spillway  of  1,091  feet. 

Experiments  with  an  electric  current  meter  were  made  during  Jan- 
laiy  and  March  of  1900,  to  determine  the  coefficient  C  in  the  weir 

ormula  Q=  CI  H^.  The  results  obtained  indicate  that  for  the  Austin 
lam  C  was  nearly  3.09,  the  theoretical  coefficient  used  by  Frizell. 
tnhstituting  this  value  of  C  and  the  length  of  I  (1,091  feet),  we  get 

J  =  3.371  If*. 

The  average  flow  through  the  penstocks  for  the  same  years  (1896, 
L897, 1898,  and  1899)  was  about  250  second-feet.  The  following  table 
jives  the  maximum  and  average  daily  discharge,  in  second-feet, 
inclading  the  flow  through  the  penstocks: 

Discharge  of  Colorado  River  at  Austin  dam. 


Oage  height. 


Discharge. 


Year. 


!Maximum.|ATerage.iMaximuiu.  Minimum.  Average. 


]M 

1- 

Feet.      ' 
2.60  ; 
2.20 
4.20 

9.80  ' 

1 

F^ct. 
0.505 

UI7 

.481 

UK. 

.828 

U» 

.421 

Sec.-/t. 

14.100 

11.000 

29.000 

108.400 


Sec.'/t. 


200 
210 
134 


Sec.'/t. 
1,480 
1,2U0 
1.880 
1.170 


The  average  discharge  for  the  four  j'ears  is  1,1  GO  seeond-feet. 

Prior  to  the  flood  of  April  7,  1900,  the  discharge  of  the  river  at  the 
station  below  the  dam  was  at  low  stages  absolutely  under  the  control 
of  the  turbines  at  the  power  house  at  the  dam,  and  measurements 
made  opposite  the  city,  at  the  station  between  the  two  bridges,  did 
not  give  the  unobstructed  flow  of  the  river.  Since  the  destruction  of 
the  dam  measurements  have  been  made  at  the  station  about  a  fourth 
of  a  mile  above  the  highway  bridge  on  Congress  ayenue.  The  station 
is  described  in  Water-Supply  Paper  Xo.  37,  page  '274:. 

During  1900  the  following  measurements  were  made  by  Thomas  IT. 
Taylor: 

Discharge  measurements  of  Colorado  River  at  Austin,  Te^vas, 


Date. 


Qage         Dis- 
heigbt.   charge. 


4ii«Q>t25. 
4ttKMt27.... 
Angnrtao.... 
gptember  1. 
^Wember  4. 


1900.  Feet. 

AprilT ,    33.50  ' 

Angnst24 2.40  i 

2.35  I 

w.  mI.     I 

2.13  ! 
2.40  ' 
2.45  I 


Sec. -ft. 
122,000 
1,160 
9tt0 
71*3  ' 
747  I 
1,198  I 
1,306  I 


Date. 


IWW, 

September  13 

Septemlx»r  IT . . . 
September  18... 
Septeml)erl9... 
September  3f)... 
September  21... 
I)ecember  :!2 


height. 

Dis- 

charge. 

Fvet. 

Ser..ft. 

2.46 

i.'^m 

2.m 

1.1(17 

2.25 

»35 

2.19 

895 

2.14 

806 

2.10 

rsd 

2.90 

2,  IV» 
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DaHy  gage  liMght,  in  feet,  of  Colorado  Riwr  at  An^Hn,  Texaa,  for  190 


I  Jui.'Feb.|Mkr. 
2.10    i.S) 

t.ta  I  %» 

B.W|  8.10 


I  Mar-  'Jnne.Jaly.lAiirl  ' 


LW  II.IU  t.sa 

S.0O  S.tlO  3.30 

10.00  S.UO  e.3G 

n.«0  4.30  I  £.36 

O.0O  4.10  i.U 

l.Sa  S.TO  KSG 

4.10  I  3,(n  i.a> 

G.50  I  Z.St  t.ao 


Bin 

'ill 

S.3B     &.SI 

l^aD    fi.TD    : 

S.8D     B.30 


10  [8.40    8.11 


ao  I  3.W   3.i 

W  I  S.7B    S.« 


BARTON    SPRINGS,  TEXAS. 


T 

iW  These  springs  are  about  2  miles  southwest  uf  the  nourt-hon 
■^"tfae  city  of  Austin.  Their  flow  was  formerly  so  great  that  two 
were  operated  on  the  right  or  southwest  bank  of  the  ereek  form* 
them.  The  upper  springs  come  out  of  several  fissures  or  faults  i 
limestone  rock  on  the  right  side  of  the  creek  and  supply  prol 
half  of  the  total  Q^o<k.  Another  spring  is  on  the  left  side  of  the  c 
a  short  distance  below  the  upper  springs,  and  its  flow  has  been  ni 
Ing.  The  third  spring  is  on  the  right  side  of  the  creek,  and  1' 
formerly  utilized  to  run  the  Walsh  mill.  It  had  been  dry  for  ae 
years,  but  early  in  IftOO  it  began  to  flow  again.  The  flow  of  the  i 
to  which  the  springs  give  rise,  and  which  empties  into  Colorado  1 
at  Austin,  has  responded  sympathetically  to  the  rainfall  It 
Edwards  Plateau.  In  1894  and  1895  C.  C.  Babb  made  measureD 
of  its  flow  and  found  a  discharge  of  17  and  25  second-feet,  res 
ively.  In  1898  Thomas  IT.  Taylor  measured  the  flow  and  founi 
following  discharges:  March  26,  20  second-feet;  May  3,  30  second' 
On  August  31,  1900,  the  flow  had  increased  to  69  second-feet,  ai 
December  21,  1900,  it  was  found  to  be  32.5  second-feet. 

BLANCO   RIVER,  TEXAS. 

Blanco  River  rises  in  Kendall  County,  flows  easterly  for  60  n 
And  then  turns  southeast  and  flows  into  San  Marcos  River  1  : 
.below  San  Marcos.     In  drj'  years  its  flow  ceases  and  water  stani 
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lols,  but  in  years  of  average  rainfall  it  has  a  small  flow,  excei^t  in 
one  of  flood.  On  December  24,  1900,  it  was  measured  at  Ware's 
►rd,  2  miles  east  of  San  Marcos,  by  Thomas  U.  Taylor,  and  a  flow 
!  15  second-feet  was  found.  On  the  same  date  San  Marcos  River 
as  measured  by  Mr.  Taylor  at  the  Westerfield  ford,  and  a  discharge 
t  157  second- feet  was  found. 

COMAL   RIVER,  TEXAS. 

The  mountains  of  the  Edwai'ds  Plateau  terminate  al)out  a  mile  north- 
rest  of  New  Braunfels,  and  from  the  fissures  at  the  foot  of  the  bluffs 
he  celebrated  springs  that  form  Comal  River  gush  forth.  The  waters 
lave  been  used  for  power  since  1860,  but  it  is  only  since  1880  that  sys- 
tematic methods  have  lieen  used.  At  present  the  waters  are  all  used 
by  the  Landa  and  Faust  mills.  The  Landa  mill  is  about  a  half  mile 
from  the  main  springs,  and  is  located  near  the  banks  of  a  dry  branch  of 
Comal  River.  A  gravel  dam  deflects  a  large  percentage  of  the  water 
from  Comal  Springs  Creek  into  the  Landa  mill  race.  I'he  Faust  mill 
18  a  half  mile  below  the  Landa  mill,  and  is  north  of  the  court-house  at 
Sew  Braunfels.  Comal  River  is  the  most  unique,  picturesque,  and 
reliable  stream  in  Texas.  Its  flow  is  reasonably  uniform,  and  it  has 
a  fall  of  43  feet  in  its  length  of  2  miles.  From  the  surface  of  Lake 
Comal  (formed  by  the  gravel  dam  referi'ed  to)  to  the  surface  of  Landa's 
miU  pond  there  is  a  fall  of  2  feet;  at  Landa's  mill  there  is  a  fall  of  22 
feet;  from  the  tailrace  of  Landa's  mill  to  the  surface  of  Faust  Lake 
there  is  a  fall  of  3  feet;  at  the  Faust  dam  there  is  a  fall  of  8  feet;  and 
from  the  latter  dam  to  the  Guadalupe  there  is  a  fall  of  nearly  10  feet. 
In  1882  the  flow  was  measured,  independently,  by  two  civil  engineers, 
hy  the  use  of  floats,  and  each  found  a  discharge  of  375  second-feet. 
From  that  time  until  1809  there  was  a  gradual  decrease  of  flow,  the 
minimum,  from  the  best  evidence  obtainable,  l>eing  200  second-feet. 
Early  in  1900,  however,  the  flow  of  Comal  River,  like  that  of  all  of  its 
aster  springs  in  the  Edwards  Plateau,  increased  to  its  former  volume 
of  twenty  years  ago. 

On  December  25,  1900,  when  it  was  certain  that  the  i)ower  i)lants 
would  be  idle,  Thomas  U.  Taylor  visited  Comal  River,  in  order  to 
obtain  a  measurement  of  the  flow  that  would  be  uninfluenced  by 
the  drafts  for  power  purposes.  The  sections  selected  were  on  the 
Unda  raceway,  about  50  yards  bellow  the  gravel  dam,  and  on  Comal 
Springs  Creek,  275  yards  below  the  dam.  The  joint  discharge  was 
found  to  be  374  second-feet,  the  full  capacity  of  the  springs.  On 
I^ecember  26  the  flow  was  again  measured  at  the  same  section,  with 
*llof  the  mills  running,  and  a  discharge  of  272. G  second-feet  was 
fonnd.  The  level  of  the  water  in  the  race  at  the  section  selected  was 
not  affected  by  shutting  off  the  power. 

Records  have  been  kept  of  the  flow  of  the  river  over  a  weir  in  the 
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lower  or  Clements  dam,  fi-om  which   the  following   calcnifttlool 
discharge  wore  made : 

Diacharye  uieatiiremenU  of  Coiiial  flitvr  mtr  leeir  at  Ctementa  dam,  1900f 
a  Sac-A. 

— '  JaunarySO _ Ml 

Febmary  4 _ S8B 

Febrnary  aa SOS 

MarchS SS5 

MttTcblS _ 338 

MarchtS _-.  8M 

April  1 - - 8S4 

April  15 839 

M»y  18 _.  433 

Junes —  873 

6uadalupe  River  was  measured  September  20,  1900,  by  Thomas 

LSTnylor,  at  the  railroad  bridge  at  New  Bmunfeln,  and  a  dischar^tt 
tfiS  second-feet  was  fonnd. 

BAN    ANTONIO    RIVEK.    TEXAS. 

San  Antonio  River  rises  about  3  miles  north  of  the  mission  of  S 
ffemando,  the  geographic-  center  of  the  fity  of  Sau  Antonio.  To  b« 
JBontrol  and  utilize  the  waters  of  the  river,  two  canals,  an  upper  » 
>  lower,  were  conHtructed  in  187S  and  1881,  respectively.  A  poti 
Tiouse  was  built  on  each  canal,  and  they  ai-e  known  as  the  uppers 
ewer  power  houses.  The  fall  at  the  upi>er  power  bouse  is  abon 
!eel,  that  (it  the  lower  power  house  1-2  feet,  while  at  Gnenther'a  upi 
and  lower  mills  the  fall  is  3.5  feet  and  C  feet,  respectively.  In  1* 
the  flow  of  San  Antonio  Springs  became  so  low  that  the  mills  wt 
abandoned.  Pre\'iou8  to  this,  in  1895,  an  auxiliary  steam  plant 
130  horsepower  was  put  in  at  the  lower  power  house.  The  water 
these  power  stations  was  pumped  from  artesian  wells — one  12-inch 
the  upper  station  and  one  12-iuch  and  three  8-inch  at  the  lower  si 
tion.  In  1891  a  steam  and  electric  power  plant  was  constructed 
the  banks  of  the  river,  near  Commerce  street,  where  there  are  fo 
8-inch  wells  and  three  12-jnch  wells. 

In  December,  1895,  the  flow  of  San  Antonio  River  at  the  he 
gat«  of  the  lower  canal  was  measured  by  C  C.  Babb,  and  a  dischar 
of  34.3  second-feet  was  found,  to  which  should  be  added  1.2  seeoE 
feet  for  the  leakage  through  the  dam,  and  ■i  second-feet  for  t 
diversion  through  the  upper  labor  ditch,  making  a  total  of  neai 
40  second-feet.  On  the  same  date  Mr.  Rabb  measured  the  flow 
San  Pedro  Springs  and  found  a  discharge  of  9  second-feet.  ' 
November  30,  1896,  Mr.  Babb  again  made  measurements  and  foii 
the  discbarge  of  San  Antonio  River  and  San  Pedro  Springs  to 
29  second-feet  and  11.7  second-feet,  i-espectively.  On  Decemt 
30,  1897,  the  flow  of  San  Antonio  River  was  measured  by  Thom 
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.  Taylor  at  the  footbridge  leading  from  the  hot  wells  to  Sau  Jose 
ission,  and  a  discharge  of  11  second- feet  was  found.  In  March, 
t&8j  it  was  again  measured  at  the  same  place  and  a  discharge  of  9 
leond-feet  was  found,  and  in  June,  1899,  the  discharge  was  10 
leond-feet,  all  of  which  came  from  San  Pedro  Springs. 
An  indication  of  the  stage  of  the  underground  water  can  be  obtained 
om  the  record  of  the  water  level  in  the  standpi|)es  at  the  waterworks 
1  Ck>nimerce  street  and  at  the  upper  power  house.  These  stand- 
Lpes  are  connected  to  Jthe  artesian  wells.  The  standpipe  at  the  Com- 
lerce  street  works  is  about  50  feet  high.  Following  is  a  record  of 
ie  heights  of  the  water  in  this  standpipe.  The  datum  at  this  station 
I  the  bottom  of  the  standpipe. 

Heights  of  water  in  Commerce  street  standpipe. 


Date. 


■»y,lflBe 

pMember  a,  1807 

apfiLUW 

April  S»«  1900.... 


Height. 


Feet. 
43.10 
38.80 
31.60 
13.00 


Date. 


May  1«  1900. 
May  5, 1900. 
May  9, 1900. 
May  23, 1900 


Height. 


Feet. 
44.10 
45.10 
46.9) 
47.10 


The  record  of  the  standpipe  at  the  lower  power  house  is  as  follows: 
Heights  of  water  in  standpipe  at  lower  power  house. 


D»te. 


1900 

Y^KWtji 

Mvchl 

M»y2* 

Jinel 


Feet. 

1.8 

18.76 
13.77 
15.57 
18.74 
17.99 


1900. 

Julyl 

Augunt  1 

September  8 

October  1 

November  1 

E)ecember  1 


Height. 


Feet. 
14.65 
13.67 
12.10 
11.47 
11.38 
10.51 


It  is  well  to  note  that  the  dates  of  low  and  flush  water  at  San  Antonio 
correspond  exactly  with  those  at  Uvalde. 

During  the  latter  part  of  the  year  1899  the  river  revived,  and  in 
1900  the  following  measurements  were  made  by  Thomas  U.  Taylor: 

Discharge  measurements  of  San  Antojiio  River  and  its  tributaries. 


Date.                           Stream. 

Locality. 

9Ptemberl2 

San  Antonio  River 

do 

At  hot  wells 

September  18 

do 

8n»t«nberl9 

Do 

San  Pedro  Creek 

S&n  Padro  ditch 

Near  street-car  croasiug  about  lUO  yards 

below  lower  or  large  pool. 
do 

— . 1 

Dis- 
charge. 

Sec. -ft. 
125.0 
124.2 
1.6 

7.0 


The  last  two  measui-ements  were  made  early  in  the  morning,  in 
^er  to  ascertain  the  free  flow  of  the  springs  uumodltled  by  the 

am  30— 01 4 
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dams.  At  the  time  of  measurement  tlie  wat^r  had  been  flowing  uni 
terruptedly  over  the  two  small  dams  at  the  head  of  the  ditch  and  tl 
river  for  from  twelve  to  fourteen  hours.  There  is  a  head  gat«  on  tl 
river  which  can  be  raised  and  lowered  at  will  in  order  to  flush  i 
scour  out  the  pools. 

On  September  19, 1900,  the  flow  at  the  liead  gate  of  the  lower  eani 
where  Mr.  Babb  measured  it  in  1895,  was  again  measured.  Tl 
water  at  this  point  flows  under  an  arched  stone  conduit  of  20  fo 
span.  A  wooden  strip  is  embedded  in  the  cement  floor  of  the  cani 
The  depth  of  the  water  over  the  wooden  strip  was  38^  inches,  and 
flow  of  94  second-feet  was  found.  On  November  29,  1900,  the  dept 
of  water  was  28.8  inches,  and  a  flow  of  59  second-feet  w^as  found. 

LEONA   RIVER  AT   UVALDE,  TEXAS. 

The  behavior  of  this  river  has  been  so  irregular  for  several  yea] 
that  a  recapitulation  of  some  of  the  data  heretofore  published  isc 
special  interest  in  connection  with  the  new  data  presented  herewitl 

Leona  Spring  is  situated  in  tlie  suburbs  of  Uvalde.  It  was  dry  i 
1885,  but  soon  after  it  revived  and  continued  to  flow  until  1893,  whe 
it  ceasexl  flowing  and  has  been  dry  since.  In  1893  a  pumping  statio 
was  located  on  the  banks  near  the  spring,  but  when  the  spring  faile 
the  pumping  plant  was  transferred  to  its  present  location,  within  15 
yards  of  the  court-house.  At  the  new  station  a  pit  15  feet  by  15  fee 
was  excavated  to  a  depth  of  24  feet,  and  the  pumps  were  placed  i 
its  bottom,  a  well  4  feet  by  7  feet  having  ])een  sunk  in  the  bottom  o 
the  pit  to  n  <l(»pth  of  10  feet,  or  to  the  40-f()ot  level  below  the  gnmnt 
siirfac'C,  out  of  which  water  was  puinped  to  a  standpipe.  At  tii-st  th 
water  in  this  woW  rose  t<»  within  '-^^  feet  of  tlie  siirt'act*,  but  in  Decern 
her,  J8H7,  it  was  noticed  that  tlie  supply  was  failinjj:.  In  May,  l^'*> 
the  supply  continuing  to  fail,  a  secoiui  jiit  10  feet  by  10  feet  by  0  fee 
det'p  was  excavated  on  the  southwest  sith*  of  the  first  or  main  pit 
and  a  well  was  sunk  to  a  depth  of  ^V.]  f(M't  below  tin*  surface*  of  th 
pround.  The  pumps  weiv  then  ])lace(l  in  the  new  ])it,  niakinjr  thei 
positi(»n  about  X)  feet  below  tin*  surface.  In  January,  18t«!«,  thewate 
U^vel  had  fallen  so  low  tliat  it  was  necessary  to  bore  thnn*  wells  in  th 
pump  well  to  a  depth  of  'M)  to  ^).")  feet,  reaehing  a  total  <leptli  of  '■• 
feet  Inflow  tin*  <^n'oun(l  surface.  In  .lune,  ISHD,  after  the  heavy  rain 
over  southwest  Texas,  known  as  the  IJrackett  flood,  tin*  water  wn 
standing  at  about  the  !».'J-foot  level  and  was  slowly  rising.  C)n  Sol 
teniber  1<),  IIMH),  the  water  had  risen  to  within  '2  fei^t  of  the  pulnl)^ 
or  to  the  'i5-foot  level;  that  is,  the  water  had  risen  about  f)S  feet  i: 
lift<MMi  months,  or  lu^arly  4  feet  a  month,  and  on  Deeenibt^r  1,  ll'CK 
it  had  reached  the  pumps  and  arrangements  wei'e  made  to  raise  tliom 
Acenratt*  measunMiients  during  SejMember,  liuin,  sIiowimI  that  th 
water  in  the  wells  was  at  that  time  rising  at  the  rate  of  4  inches 
month. 
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Between  Leona  Spring  and  the  brickyard  crossing  on  tlie  road  from 
rmlde  to  Pearsall  there  are  several  small  springs,  the  largest  being 
olberry  Spring,  which  daring  the  early  part  of  1900  was  flowing;  in 
ptember,  1900,  its  flow  had  ceased,  and  on  December  1, 1900,  it  had  a 
»wof  about  1  second-foot.  In  1895  C.  C.  Babb  found  a  discharge  at 
ebrickyard  crossing  of  11  second-feet ;  but  when  the  spring  was  visited 
r  Thomas  U-  Taylor  in  Jane,  1899,  the  river  at  the  ford  was  dry,  and 
ere  was  no  water  flowing  between  Uvalde  and  Fort  Inge,  4  miles 
Hofw  Uvalde.  On  September  17,  1900,  Mr.  Taylor  found  a  flow  at 
e  brickyard  crossing  of  5  second-feet. 

NUBCBS  RTVER,  TEXAS. 

The  two  main  forks  of  Nueces  River  rise  in  £dwards  County,  Texas, 
id  flow  south  through  the  rugged  mountains  of  the  Edwards  Plateau, 
liting  about  14  miles  from  Uvalde  and  about  6  miles  above  the  eross- 
ig  of  the  Southern  Pacific  Railroad.  On  their  way  through  the 
ountains  both  branches  are  fed  by  springs,  and  there  is  perpetually 
miilng  water  in  the  streams,  which  begin  to  flow  about  12  miles 
rath  of  Rock  Springs  and  continue  to  flow  until  their  junction  at  the 
lot  of  the  Edwards  Plateau.  At  about  the  junction  of  the  streams 
le  usual  flow  sinks  into  gravel  beds,  occasionally  reappearing  in  big, 
tear  pools  at  points  where  the  gravel  has  been  washed  off  from  the 
MA  bed-rock  bottom.  Four  or  5  miles  below  the  Southern  Paciflc 
tailroad  bridge  flowing  water  again  appears,  the  stream  along  its 
ywland  course  being  fed  by  numerous  springs.  On  September  17, 
900,  Thomas  U.  Taylor  made  a  measurement  of  the  flow  about  5 
Ailes  below  the  railroad  crossing,  and  a  discharge  of  18  second-feet 
ran  found. 

There  are  a  few  irrigated  farms  along  the  Nueces.  Mr.  J.  II.  Eth- 
idge,  of  Montell,  Uvalde  County,  Texas,  is  the  owner  of  the  Casa 
^lanca  irrigation  and  mill  ditch,  which  was  constructed  in  1893. 
rhis  ditch  is  2^  miles  long,  7  feet  deep  for  the  first  half  mile,  and  2  to 
I  feet  deep  the  rest  of  the  wa}'.  Water  is  diverted  from  Nueces  River 
)y  means  of  a  dam  of  loose  rock  which  raises  the  level  of  the  water  in 
he  river.  Six  miles  below  the  Southern  Pacific  Railroad  bridge  Pat- 
ick  Dolan  has  introduced  a  15-horsepower  gasoline  engine  with  which 
le  irrigates  his  orchards  and  gardens,  pumping  water  from  the  river, 
rhe  cost  of  the  outfit  was  t<735,  but  Mr.  Dolan  finds  that  with  the 
)re8ent  high  price  of  gasoline  (18  cents  a  gallon)  irrigation  by  that 
neans  is  too  costly.  His  experience  is  that  with  gasoline  at  12  cents 
4  gallon  irrigation  by  pumping  can  be  made  to  paj'  in  that  section  of 
tbe  country.  At  Cotulla  Mr.  George  Copp  uses  a  duplex  pump  liaving 
a  6-inch  suction  and  a  4-inch  discharge,  with  a  12-horsep()we!'  steam 
engine.  He  irrigates  100  acres  and  raises  a  very  fine  quality  of  Ber- 
muda onions  for  a  spring  crop  and  tomatoes  for  a  fall  crop. 
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ZiOS  HoTBS  Creek  rises  at  Brackettville,  near  Fori  Clark,  in  Riiu 
Oonnty,  Texas,  about  7  mil&i  north  of  the  Southern  Pacilic  Raiiru 
Oa  December  24,  1895,  the  flow  was  measured  by  C.  C.  Babb,  uboai 
SOO yards  below  the  dam,  under  the  ftMtbridge  leading  from  the  to«i 
to  the  military  post,  and  a  diecbarge  of  21  seeond-feet  was  found.  Ol 
June  30, 1899,  it  waH  measured  at  Mulligans  Bend,  about  a  fourth  nfi 
nileeast  of  the  court-house  at  Brackettville,  by  Thomas  U.  Taylor 
and  a  flow  of  go  second-feet  was  found;  and  on  September  13,  19(Ki,i 
flow  of  51  aecond-feet  was  found  at  the  same  place.  The  increase  ii 
tlie  flow  was  due  probably  to  the  increaised  rainfall  aloug  the  iSouthcn 
Padflc,  which  skirts  the  foothills  of  the  Edwards  Plateau. 

(te  June  14,  1898,  occurred  the  biggest  flood  in  the  history  of  KiD' 
neyConnty,  and  extending  over  the  country  from  Spoflord  to  Del 
Ua>'  The  Los  Moras  Mountains,  about  4  miles  a  little  east  of  nortii 
ttota.  Srackett,  form  a  crescent  in  which  Brackett  and  Fort  Clark  an 
■ttnated,  and  all  of  the  depressions  and  dry  streams  from  these  inouQ' 
tttins  converge  toward  the  former  place.  From  11.30  p.  m.  on  June  13, 
1609)  to  about  ti  a.  m.  on  June  14,  a  total  i-ainfall  of  18  inches  fell  Hi 
Bvaekett  and  in  the  Los  Moras  Mountains.  By  5  a.  m.  of  the  Utcs 
digr  the  fiood  was  upon  the  town,  standing  7.4  feet  deep  in  the  court' 
luniae,  6.7  feet  in  thestore  of  Roach  A  Company,  y.«  feet  in  the  Terrell 
Honae,  while  in  the  street  in  front  of  the  hotel  it  was  13.1  feet  deep. 
The  main  channel  of  Los  Moras  Creek,  between  Bracket1<  and  Fori 
Clarlt,  wa.s  iit  flood  height,  while  the  draw  that  runs  into  the  ereek  at 
Mulligans  Bend  was  flooded  to  the  depth  of  3U  feet.  The  lowlanda 
between  Spofford  and  Brackett  were  flooded  for  miles,  and  the  tracin 
of  the  Southern  Pacific  Railroad  were  wrenched  up  and  twisted  like 
ribbons. 

Id  March,  1900,  another  flood  occurred  at  Brackett,  but  the  damage 
was  slight,  the  flood  being  more  than  9.5  feet  below  the  height  attained 
by  the  flood  of  the  previous  June.    Former  floods  occurred  on  May  28, 

1880,  and  on  October  1, 1881.  During  the  1880  flood  the  water  flooded 
the  stores  in  Brackett  and  did  considerable  damage.     On  October  1, 

1881,  there  was  a  rainfall  of  14.2  inches  in  a  few  hours,  and  by  3  a.  lO' 
the  town  was  flooded,  and  much  damage  was  done  to  homes  and  t^ 
business  houses. 

The  waters  of  Los  Moras  Creek  are  used  for  irrigating  farms  and  gu 
dens  within  10  miles  of  Brackett.  The  ditch  nearest  to  Brackett  is  oi 
the  west  side  of  the  creek.  It  is  used  by  the  Seminole  Negro  Indiuu 
on  the  Fort  Clark  Reservation,  and  is  therefore  the  property  of  th* 
Qovemmeut.  It  is  about  1  mile  long,  5  feet  wide,  and  1  foot  deep 
The  Indelkofer-Gilder  ditch,  also  on  the  west  side  of  the  creek,  divert* 
water  1  mile  below  the  intake  of  the  Seminole  ditch.  It  is  (300  feet 
long,  4  feet  wide,  and  1  foot  deep.  The  Mc(iovern  ditch  diverts  wat«i 
/rom  the  east  aide  of  the  creek  a  short  distance  above  the  intake  ol 
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5  Indelkof er-6ilder  ditch.  It  i»  600  yards  lon^,  5  feet  wide,  and  1 
H  deep.  About  6  miles  below  Brackett  two  ditches — the  Smith  and 
e  Stratton — divert-  water,  one  from  the  west  and  the  other  from  the 
A  side  of  the  creek.  The  Smith  ditch  is  600  feet  long,  4  feet  wide, 
id  1  foot  deep.  The  Stratton  ditch  is  3  miles  long,  8  feet  wide,  and 
foot  deep,  and  irrigates  a  hay  farm  below  the  Southern  Pacific 
ailroad. 

PINTO  CRBEK,  TEXAS. 

Pinto  Creek  rises  in  Kinney  County,  Texas,  and  is  about  halfway 
stween  Brackett  and  Del  Rio.  At  the  crossing  of  the  Southern  Pacific 
Ailroad  it  has  a  sluggish  flow,  but  the  geologic  formations  and  topog- 
iphy  throughout  its  course  are  such  as  to  make  it  susceptible  to  sud- 
m  and  great  rises.  Its  flow  was  measured  on  September  15,  1900, 
y  Thomas  U.  Taylor,  -at  the  crossing  of  the  Southern  Pacific  Rail- 
Mid,  and  a  discharge  of  38  second-feet  was  found.  The  waters  of 
le  Pinto  have  been  used  for  irrigation,  the  Lower  Pinto  Irrigation 
dmpany  having  utilized  those  near  the  Rio  Grande.  Their  ditch, 
hich  was  constructed  in  1875,  was  10  miles  long,  6  feet  wide,  and  1 
30t  deep,  and  crossed  the  Pinto  by  means,  first,  of  a  siphon  fiume, 
nd  then  by  a  trestle  fiume,  but  these  were  so  difficult  to  maintain,  on 
eooant  of  the  sudden  floods  to  which  the  creek  is  subject,  that  the 
ompany  was  forced  to  abandon  the  system. 

MUD   CREEK,  TEXAS. 

Mud  Creek  is  between  Pinto  and  Sj-camore  creeks,  in  Kinney  County, 
ts  source  is  about  6  miles  north  of  Amanda,  on  the  Southern  Pacific 
ilailroad.  The  stream  is  formed  and  fed  by  springs,  but  its  flow  is 
lot  reliable.  From  1893  to  the  latter  part  of  1899  the  creek  was  prac- 
icttUy  dry,  but  after  the  Brackett  flood  the  flow  revived,  and  by  the 
ipring  of  1900  there  was  sufficient  water  in  the  creek  to  supply-  the 
nigation  systems,  all  of  which  are  above  the  Southern  Pacific  Rail- 
"oad.  The  ditch  of  the  Mud  Creek  Irrigation  and  Agricultural  Com- 
»ny  diverts  water  about  3  miles  above  the  railroad,  and  during  the 
ieasou  of  1900  about  400  acres  were  irrigatc^d  by  it. 

SAN  FELIPE   SPRINGS,  TEXAS. 

San  Felipe  Creek  has  its  source  iu  four  large  springs,  the  upper  one 
Jeing  2  miles  above  the  railroad  bridge  near  the  town  of  Del  Rio,  the 
others  being  within  about  200  yards  of  the  bridge.  Measurements  at 
lie  former  place  in  1895  are  described  in  Bulletin  of  the  United  States 
^logical  Survey  No.  140,  page  85.  Measurements  made  in  1809  are 
ieacribed  in  Water-Supply  Paper  No.  37,  page  277.  On  September 
i5, 1900,  Thomas  U.  Taylor  measured  the  outflow  from  these  springs 
*nd  found  a  discharge  of  99  second-feet,  and  Madre  ditch,  which 
iiverts  water  just  below  the  lower  spring,  was  found  to  b^  carvyiu^ 
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0  second-feet.    ThU  nmkea  the  total  flow  of  the  springs  at  tl 
AS  second-feet. 

RIO   ORA>'DE. 

The  Rio  tirando  and  it8  tribatarieR  drain  the  monntainous  Arti 
ihe  south  and  east  uf  the  Contineutal  Divide  in  southwestern  i 
ado,  the  priu<!ipal  streams  llowintj:  from  the  east  side  of  the  Vi 
lEouiitains  aud  from  th«  south  and  eAst  side  of  the  San  Juan  Rait 
Important  streams  also  flow  from  the  La  Garita  Mountains  in  Sa^a( 
H  ind  Mineral  counties.  The  main  stream  flows  in  an  easterly  direct! 
HDor  a)x>at  75  miles,  receiving  numerous  tributaries  from  the 
^^ainous  region  through  whit-h  it  pa^e^t.  At  the  town  of  Del  Nort« 
■^valley  widens  into  what  is  known  as  San  Lais  Valley,  and  thw 
the  stream  flows  in  a  southeasterly  and  southerly  direction  for  aU 
75  miles  more,  to  a  point  altout   20   miles  sontheast  of  Antoni 

where  it  erosses  the  State  line,     Below  Del  Norte  few  streama 

f  Jpiportanee  flow  into  the  river,  for  nearly  all  of  those  that  issue  fn 
Hie  mouutains  lose  their  waters  in  the  plains  before  they  reach 
Bftin  stream.  This  is  particularly  true  of  the  drainage  north 
Attst  of  the  river,  from  the  Cochetopa  Hills  and  the  Sangre  de  Crifll 
^^Hountains.  Although  the  streams  flowing  from  them  are  numa 
Wtis  and  carry  large  volumes  of  water,  yet  they  furnish  no  soun 
of  supply  to  the  Rio  Grande  itself,  all  the  water  being  lost  either) 
the  sands  or  in  broad,  shallow  lakes,  until  Trinchera  Creek,  flowin 
thi-ough  the  Costilla  land  grant,  is  reached.  This  stream,  althoag 
usually  dry,  furnishes  a  supply  at  different  seasons  of  the  year.  0(| 
thu  south  iiiid  w'i'fit  side  of  thf  river,  however,  many  important  slreiiins' 
flow  from  the  mountains,  which  in  their  higher  stages  carry  larga 
volumes  of  water  to  the  Rio  Grande.  Among  these  are  the  Alamosai 
La  Jara,  Conejos,  and  other  creeks  of  lesser  importance.  The  supply 
from  these  streams  also  is  mostly  used  during  the  summer  time,  so  that 
after  the  flood  stages  are  past  little  water  flows  from  any  of  these 
sources  into  the  Rio  Grande.  A  similar  condition  of  affairs  exists  in 
the  Rio  Grande  itself,  as  most  of  the  water  is  used  in  the  upper  part  U 
the  valley,  and  in  the  late  summer  very  little  passes  Alamosa,  belo* 
which  place  there  are  few  irrigating  canals.  During  the  flood  stageSi 
however,  great  volumes  of  water  flow  from  the  Rio  Grande  and  from 
several  of  its  tributaries,  which  might  be  st«re<l  and  used  for  the 
extension  of  the  irrigated  area.  Farming  is  carried  on  extensively 
among  the  upper  valleys  of  several  of  the  streams  issuing  from  the 
mountains  to  the  north  and  east  of  San  Luis  Valley,  but  no  measnre- 
ments  have  been  made  upon  any  of  these  streams. 

The  study  of  seepage  and  return  waters  resulting  from  irrigation 
furnishes  an  interesting  problem  in  this  valley,  which  Prof.  L.  6- 
Carpenter,  of  Fort  Collins,  has  undertaken  to  study. 

But  three  stations  have  been  maintained  in  San  Luis  Valley,  namelyt 
at  Del  Norte  and  at  the  State  line,  on  the  main  Rio  Grande,  and  aboat 
10 mUea  west  ot  AntoniUi,  on  Conejos  River. 


OOLOBADO. 


BIO  GBANDB  NEAR  DEL  NOBTE,  COLORADO, 
is  BtAtion  is  about  2  milea  west  of  the  town  of  Del  Norte,  above 
lain  canal  takinfj;  wat«r  from  the  Rio  Grande.  ContinuouH  reo- 
have  been  kept  here  since  the  fall  of  1889.  The  ga^e  rod  is  an 
Bed  2-ineh  by  i^inoh  plank  fastened  to  a  post  driven  into  thft 
:  hank  of  the  river.  On  June  16,  1900,  the  gage  nxl  was  con- 
ed with  an  iron  bench  mark  of  the  Unit>ed  States  Gteol<^ieal  Sui> 
set  in  the  ground  about  25  feet  south  of  the  ro<),  the  zero  of  ths 
being  9.25  feet  below  the  bench  mark.  Gogings  are  made  by 
OS  of  a  car  which  travels  across  the  river  along  a  steel  cable,  the 
wee  being  marked  on  a  tag  wire.  The  channel  is  excellent,  the 
tr,  although  falling  rapidly,  seldom  scouring,. and  the  bed,  there- 
,  remaining  praotioally  the  same  from  year  to  year.  The  bed  of 
channel  is  covered  with  small  bowlders  and  the  sides,  altbougk 
high,  have  never  been  known  to  overflow.  The  observer  is  J.  S. 
sn,  who  has  kept  the  racords  regularly  ever  since  the  station  was 
blished. 

description  of  this  station  was  published  in  Water-Supply  Paper 
37,  page   277.     The  results  of  measurements  for  18D!)  will  be 
id  in  the  Twenty>first  Annual  Report,  Part  IV,  page  25Q. 
oring   1900  the   following  measurements   were   made   by  A.   Ii. 
lows: 

Uarch  80:  Oage  height,  1.54  feet;  discbarge.  846  Becond-feet 

Hajr  13:  Gh««  height,  3.84  feet;  diachaige,  2,441  eecond-feet. 

June  1ft;  Qsge  height,  8.66  feet;  discharge,  2,882  second-feet. 

August  18:  Gage  height,  1.34  feet;  diachorge,  221  second-feet. 
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34y         OPEBATIONS    AT   HIVEB   STATIONS,   1900. PART   IV. 

CONEJOS   RIVER   NEAR   LOS  MOOOTES,  COLORADO. 

This  river,  the  most  iiuportiiiit  trlbatary  of  the  Rio  firanfie  in  C 
rado,  rises  on  the  eastern  slope  of  the  San  Joan  Raii^e,  which  fni 
the  westeru  boundary  of  Conejos  County.     It  fii-st  flows  soatheasU 
and  then  bends  in  a  northeaHterly  direction  at  the  town  of  Coat^ 
and  enters  the  Rio  Grande  below  the  month  of  Trinchera  Creek, 
entire  normal  flow  of  the  stream  is  used  daring  the  irrigation  aeasos-, 
.but  dqring  the  flood  stages  and  in  the  winter  considerable  water 
goes  to  waste. 

The  gaging  station,  which  was  eetabtished  August  26, 1899,  is  alxttil  10 

I  miles  west  of  Antonito,  and  is  reached  by  driving  from  that  town.   H 

was  first  locat«>d  at  the  wagon  bridge  crossing  the  river,  but  the  rod  « 

that  point  being  maliciously  destroyed,  the  station  was  moved  about 

■  800  yards  downstream,  where  it  was  attached  to  a  pier  projecting  iiitil 

,  the  river  near  a  farmhouse.     The  channel  is  fairly  good,  being  ot 

y  gravel,  and  not  particularly  subject  to  change  or  overflow.     Owinn;  to 

■^  the  removal  of  the  gage  from  its  old  station,  no  rating  table  was  jx* 

I  sible  for  1899,  and  but  few  measurements  were  made  in  1900,     Reconlfl 

*;  were  kept  for  one  month  only,  for  the  reason  that  the  observer,  Giu- 

1^  tMV  Tlmm,  moved  away  earlj'  in  the  season,  and  no  one  was  found  to 

1^  make  the  observations. 

;       San  Antonio  River,  a  branch  of  Conejos  River,  was  measured  lffi« 
>  during  the  season,  about  a  half  mile  south  of  Antonito.    The  discharp 
on  May  11  was  473  second-feet,  and  on  June  32  it  was  i  second-ft*' 
After  that  the  stream  was  practically  dry. 

A  description  of  the  Los  Mogotes  station  was  published  in  Wat« 
Supply  Paper  No.  37,  page  278.  During  1900  the  following  measur 
ments  were  made  by  A.  L.  Fellows: 

March  28:  Oage  height,  1.68  feet:  discbarge.  144  second-feet. 
May  11:  CJage  height,  3,10  feet;  diacharge,  1,087  aecond-feet. 
Aagtiatl?:  Oage  height,  1. 1,')  feet:  discharge,  33  ancond-feet. 
Jnne  23:  Gage  height.  2,30  feet;  discharge,  467  secand-feet. 

Daily  gage  height,  in  feet,  of  Conejoa  River  near  Los  Mogolex,  Colorado,  for  19i 


«„. 

D.y. 
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BIO   GRANDE  AT  CENICEBO,  COLORADO. 

This  Station  is  a  short  distance  above  the  Colorado  State  line,  at 

point  where  the  river  is  crossed  by  a  wagon  bridge.     Cragings  wei 
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Iwgnn  Jnly  28,  1899,  since  which  time  contiouoas  records  have  been 
kept.  There  are  two  gage  rods,  one  for  high  wnter  and  the  other  for 
Imr  w»ter.  The  high-water  rod  is  a  ^-inch  l>j'  6-inch  timber  attached 
to  the  west  side  of  the  central  downstream  cylinder  of  the  bridge. 
l%e  low-water  rod  is  a  scale,  marked  in  feet  and  tenths,  on  the  per- 
pendicnlar  face  of  a  large  bowlder  aboat  a  hundred  yards  tiehiw  the 
bridge.  The  channel  is  in  most  respects  an  excellent  one.  The  bed 
eonsistsof  bowlders  and  rock,  and  is  subject  to  little  change;  the 
binks  are  high  and  are  not  subject  to  overflow.  Gagings  can  be  made 
at  the  bridge,  but  during  low  wat«r  they  are  uHually  made  by  wading. 
On  Jane  22,  1900,  both  gages  were  referred  to  a  bench  mark  consist- 
ing of  a  chiseled  point  marked  "  B.  M."  on  the  face  of  the  lava  bluff 
under  the  west  end  of  the  bridge,  7.42  feet  above  gage  <latuiu.  The 
station  is  an  extremely  important  one,  giving,  as  it  does,  the  tliseharge 
of  the  river  at  the  Colorado  State  line,  including  practically  all  of  the 
Colorado  drainage.  Roman  Mondragou,  who  keeps  a  store  at  the  west 
end  of  the  bridge,  has  kept  the  records  during  the  la.st  year. 

A  description  of  this  station  was  published  in  Waler-Plupply  Paper 
Ko.  37,  page  279.  The  results  of  measurements  for  18'Jli  will  be  found 
In  the  Twenty-flrst  Annual  Report,  I'art  IV,  page  257.  I>uring  11100 
the  following  measurements  were  made  by  A.  L.  Fellows: 

Harch  20:  Qage  height,  1.60  feet:  discharge,  286  second-feet. 

June  23:  Qftge  height,  1.80  feet;  discharge,  430  eecond-feet. 

Ita7  10:  Gage  height,  2  feet:  discharge,  S94  second-feet. 

AngnstlQ:  Oage  height,  0.7-1  foot;  discharge,  18  eeooDd-feet. 

DaQ^gage  height,  in  feet,  of  Rio  Oratide  at  Cenicero,  Colorado,  for  I'JOO. 

.jFeb.  iMsr.  Ai>r.  May. 'June.  July.  Aug.|Sept.  Oct.    Not.'  Dec. 
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B60         OPEEATIONa   AT   RIVER   STATIONS,   1000. PART   IV,        Im.1 

If-  RIO  GRANDE  AT   BMBUDO,   NEW  MEXICO. 

[  This  station,  establisht-d  in  18H9,  i»  about  -300  fet>t  eont  of  the  ioSt 
road  station  at  Embudo.  It  is  describetl  in  Water-supply  Paper  N« 
)7,  pago  '2'^i.  The  results  of  meaatirements  will  bu  fouud  as  fotlowsi: 
for  189fi,  Eighteenth  Animal  Report,  Part  IV,  page  261;  for  1897^ 
tfineteenth  Annual  Report,  Part  IV,  page  385;  for  1889  to  1898,  T 
3eth  Annual  Report,  Part  IV,  page  366;  for  1899,  Twenty-first  Annul 
Report,  Part  IV,  page  258.  During  1900  the  following  ineasuFemenl 
*■  lit  discharge  were  made  by  P.  E.  Harronn: 


of  Bu>  Orande  at  Embvdo,  Nev  Mexko. 


MO   ORANDE   AT  RIO   GRANDE,  NEW  MEXICO. 

This  station,  established  February  3,  1895,  ih  about  oiie-fonrth  of  • 
mile  above  the  railroad  station  at  Rio  Grande,  aud  at  the  bead  oi 
Whit©  Ruck  Canyon.     It  is  describe*!  in  Water-Supply  Paper  No.  3?) 
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81.  Resnlto  of  measarements  will  be  found  aa  follows:  For 
agfateenth  Annafil  Report,  Part  IV,  page  2M;  for  1897,  Nine- 
Annual  Report,  Part  IV,  page  386;  for  1898,  Twentieth  Annual 
,  Part  IV,  page  370;  for  1899,  Twenty-first  Annual  Report, 
V,  page  259.  Daring  1900  the  following  measnrements  were 
ty  P.  E.  Harronn : 

Htehatye  tnetuurementt  of  Rio  Orande  at  Rio  Orandt,  Neio  Mexico. 
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BIO  GRANDE   NEAR  SAN   MARCIAL,  NEW  MEXICO. 


station,  eutablished  Jaimai'y  2'.>,  1895,  is  nt  tlit-  railroad  bridge 
nile  south  of  the  town.  It  is  described  in  Wat^r-Supply  Paper 
page  282.  Results  of  measurements  will  be  found  as  follows: 
»6,  Eighteenth  Anuiial  Report,  Part  IV,  page  257;  for  1807, 
Mith  Annual  Report,  Part  IV,  page  387;  for  1898,  Twentieth 
I  Report,  Part  IV,  page  UTl;  for  18i)'J,  Twenty-first  Annual 


loa         OPERATIONS    AT   BIVEB   STATIONS,   1900. — PART   IV. 

ileport.  Part  IV,  page  561.     During   1900  the  followintf  dischAi^ 
neasurements  were  made  by  P.  E,  Harroun: 
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Daily  gage  height,  in  feel,  of  Rio  Omnde  near  San  Maroial,  New  Uexieo,  for  t 


Jkd.    Feb,   Usr. ,  Apr.  ]  JlMy.\jmM.\jalj. 


»  I  a.(*u  '  b.ao    s.to'  vs6 
*.>i  6.m  ;  o.ao   a.TOi  b.dd 


e.eii ;  b.w   t.w  h.go 


L|C.  8«pt.  Oct.  Nov,  : 


US 

K-?S 

O-iSO 

•■"> 

4.tU 

aim    J 

S.10'   & 


.•-.''  t 


RIO   GRANDE    NEAR   EL   PASO,  TEXAS. 

Measnrements  of  the  Rio  Grande  have  been  made  at  this  place  fo' 
a  long  time,  during  the  last  three  years  under  the  direction  of  W.  W 
FoUett,  consulting  engineer  of  the  International  (Water)  Bouudar: 
Commission,  and  by  his  successor,  P.  D,  Cuniiiii^^ham.  The  preseW 
station  is  at  Courchesue's  limekiln,  4  miles  north  of  El  Paso.  It  i 
deecribed  in  Water-Supply  Paper  No.  37,  page  283,  Results  of  mesU 
nrements  for  1899  will  be  found  in  the  Twenty-first  Annual  Bepor' 
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3age  262.     Daring  1900  the  following  discharge  measure- 
•e  made  by  T.  N.  Gourehesne: 

H9char0e  meaauremenU  of  Rio  Ghrande  near  El  Paso,  Texcui, 
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Hige  height,  in  feet,  of  Rio  Grande  near  El  Paso,  Tencas,  for  19(jO, 
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a  River  dry  from  July  8  to  September  W. 
6  River  dry  from  October  1  to  December  28. 
c  River  dry. 
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OPERATIONS    AT    REVEK   STATIONS,   1900. PART   tV, 

LOWEE    RIO   GRANDE. 


During  1900  the  International  (Water)  Boundury  Commission  esUl 
liBtied  a  number  of  gaging  stations  on  the  Rio  Grande  below  EI  PaM 
Texas,  and  on  some  of  its  tributary  streams,  as  noted  below,  Thl 
'Bommissiou  ha»>  ha<I  charge  of  the  investigation  looking  toward  tH 
building  of  an  international  dam  at  El  Paso,  and  the  statiom^  woi 
SstAblished  in  ortler  to  obtain  datA  i-egarding  the  fluctuations  of  th 
lower  river  to  dotai-mine  questions  which  had  arisen  in  eonnectiai 
with  hydrographic  problems.  Information  regarding  the  river  at  ti 
several  localities  where  stations  have  l>een  established  has  been  fill 
nished  through  the  courtesy  of  Gren.  Anson  Mills,  chairnian  of  tin 
Inteniatioiial  (Water)  Boundary  Commission.     The  stations  arv  a 

iUows,  in  order  downstream :  Rio  Grande  near  Fort  Hancoek,  Texas 
Rio  Grande  7  miles  above  Presidio,  Texas;  Rio  (jraiide  6  miles  lieloi 
Presidio,  Texas;  Rio  Grande  near  Langtry,  Texas;  Pecos  River  n6^ 
Moorhead,  Texas;  Devils  River  near  Devilsriver,  Texas;  Rio  Grand 
near  Devilsriver,  Texas;  and  Rio  Grande  near  Eagle  Pass,  Texas.   , 

HIO    QRANDB    NEAR    FORT    HANCOCK,    TEXAS. 

fThis  station  was  established  March  27,  1900,  by  the  Internationf 
(■Water)  Boundary  Commission.  It  is  one  and  one-half  miles  soul! 
sast  of  Fort  Hancock,  on  the  Southern  Pacific  Railway,  in  the  El  Pa! 
Valley,  and  is  about  65  miles  below  EI  Paso.  During  r.toti  the  fa 
lowing  measurements  of  diseliarge  were  made: 

Ducharge  meaaaremenlt  of  Rio  Grande  near  Fort  Hancock,  Texas. 
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RIO  GRANDE  ABOVE  PRESIDIO,   TEXAS. 

His  Btation  was  established  April  4,  1900,  by  the  International 
f,  (ffiler)  Bonndaiy  Commission.  It  is  7  miles  above  Presidio  and 
I  •bore  the  mouth  of  Coocho  River,  one  of  the  principal  tribntaries 
'  oftheRloGrande,  and  is  aboQt  200  miles  below  El  Paso.  Its  loeatiua 
ia  far  enough  above  the  mouth  of  Concho  River  to  be  free  from  the 
ritecta  of  backwater  from  that  stream.  During  1900  the  following 
atHnremeuts  of  dischai^e  were  made : 

Diaehargt  nietuurementt  of  Rio  Grande  above  Preaidio,  Tixat. 
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UaUt  gage  heif^t.  in  feet,  of  Rio  Orande  above  Preaidio,  Texae,  for  1900. 
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J 

1 

.la 

h 

6-00 
iA6 

SI 

m 

(b       1.  0 

li! 



f 

.as  1  x.i'i 





li)     ,hp 

1 

o  EUver  drr  trum  Amil  4  to  Majr  31. 

bRli-erdrr. 

cBtver  dry  throuRliout  Novemlntr  and  DeoemWr. 

RIO    GRANDE   BELOW    PRESIDIO,    TEXAS. 

This  station  was  ewtablislied  April  f<,  ll'Od,  liy  the  International 
("Water)  Boundarj'  Commission.  It  is  0  niileis  below  Presidio,  also 
below  the  mouth  of  Concho  River,  and  about  215  miles  I)elow  El  Paso. 
It  is  at  the  western  end  of  the  canyon  section  of  the  Rio  Grande. 


j66        operations  at  EIVER  stations,  1900. — PABT  IV.       [» 

Daring  1900  the  following  measurements  of  discliarge  were  i»» 
Diaeharge  measuremenlt  of  Rio  Orande  below  Preaidio,  T^xaa. 


lalyn 

Jolyl* 

Julra 

Jviyi* 

JllJ7» 

Joy  »!..._.. 
AnEn*t  1 . . . 
AngtutS... 

ADffuatlS.. 
;Aos<utU.. 


a.! 


BcpMmber  10 
Septeniber  lit 
September  U 
September  IT 
Heptamber  IB 
September  as 
Beptember  £8 

Ot^berl 

October  8 

Octobers 

Outoiierll.... 
October  18.... 

October  IS 

October  IT.... 
OotoberU.... 
October  as,... 
October  3t... . 
OctoWrK?.... 

October  ai 

Nt>vem1>er6.. 
NovnnheTl.. 
November  10- 
NoremberL!. 
Nove.nl«rI4, 
NoremborW. 
November  19 . 
Moveml«rffi- 
NoTsmberW. 
November  aj. 
December  8 . . 
Decembers  .. 
Decembi^  10 . 
December  la  . 

Decembers . 
Deoember  H . 
December  £7. 
December  a  . 


Daily  gai/e  height,  inftet,  nf  Hi<i  Orande  betow  Fresuliii,  Tcj 


nc. 

Juiy. 

Ang. 

Soiit. 

Oo, 

VI 

7  1(1 

»a) 

.40 

11,  KS 

-■;n 

11.411 

itissl 


S57 


BIO  GBANDB  NEAR  LANQTRY,  TEXAS. 

p%is  Station  was  established  in  April,  lilttl,  by  the  Intprnational 
IT&ter)  Boundary  Canimission.  It  is  located  one-half  mile  south  of 
Ipgtry  station  on  the  Southern  Pacific  Railway,  and  is  iil.out  440 
s  below  El  Paso,  Texas,  at  the  eastern  end  of  the  canyon  section 
he  Rio  Grande,  and  a  short  dist.au(;e  to  the  west  of  the  mouth  of 
H  River,  one  of  the  principal  tributaries  of  the  Rio  Grandu.  The 
M^  measurements  of  discharge  were  made  in  l!)0(h 


Disiiuirye 


its  of  Mio  Wfniidi!  near  Lattglry,  TVjlis. 


Sepumber::. 

SepCetubor  \i 
Beplambor  16 
Septembers!. 
September  28 
October!.— 

Ociobor  ti'.".. 
October  IS... 
OL-toberffl... 
October  ft---. 
October  81.  .. 
iroveinher4 
November  H . . 
Norember  iS 
"Soyeaiher  1" 
NoremberSI. 

NOTPniberSO 
December  5  - . 
Dpcember  10 


a.!- 
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Daiiy  gage  lieight.  in  fael,  of  Rio  Urarule  near  Langtry,  Tmea*.  /• 


PECOS  BIVEB  NEAR  PECOS,  TEXAS. 

The  gaging  statiou  is  at  the  Margiiei-elta  flume,  about  i>  miles  al 
|the  city  of  Pecog.  The  gage  is  vertical,  and  is  nailed  to  oae  ot 
bouts  of  the  flume.  The  measurements  are  made  above  the  fltion 
wading,  a  wire  licinj;  stretviicil  iiemsn  t\w  rivor  jiud  taggetl  eve 
feet.  The  bottom  is  saud,  and  slight  changes  occur  at  every  i 
but  considering  the  character  of  the  bottom  it  is  remarkable  that 
changes  of  configuration  of  the  cross  section  ai-e  so  inconsiders 
The  observer  is  Willard  II.  Dennis,  and  during  the  year  1900,  in  w 
tion  to  his  services  as  observer  of  daily  gage  heights,  he  obtai 
measurements  of  the  velocity,  a  Price  acoustic  meter  being  ni 
from  which  the  flow  was  calculated  by  Thomas  U.  Taylor.  Disclu 
measurements  and  daily  gage  heights  were  also  observed  in  thecs 
flume.     This  station  is  described  in  WaU'r-Supplj-  Paper  No,  37,  p 


TE2A8. 


359 


Lg  the  year  1900  West  Valley  ditch,  one  of  the  diversions  of 
iver,  was  measured  thirty-two  times,  as  follows: 

Discharge  mecunirementg  of  West  Valley  ditch. 


Date. 


I    Dis- 
charge. 


1900. 


SeC'ft. 
12.0 
10.0 
18.0 
12.0 
12.0 
12.8 
12.5 
10.4 
13. « 
16.0 
ltt.O 
17.0 
11.4 
11.4 
13.7 
13.fi 


Date. 


Dls- 
chai^pe. 


1900. 

July  16 

July  18 

July  21 

July  23 

July  25 : 

August  1 

AugU8t4 

August  6 

August  10 

August  20 

August  24 

September  3 

September  5 

November  20 

December  1 

December  4 


Sec. 


iS 


0.6 
14.0 
17.4 
10.8 
11.0 
14.0 
11.8 
18.3 

8.0 
11.8 
16.6 
12.0 
13.6 
12.0 
20.3 
14.3 


average  flow  of  West  Valley  ditch  through  the  season  is  12 

feet. 

Qg  1900  the  following  measurements  of  discharge  of  the  river 

ade: 

Discharge  measurements  of  Pecos  River  near  Pecos  ^  Texan, 


DAte. 


Quae  >     Dis- 
heignt.i  charge. 


1900. 
25 

Feet. 
2.60 

1.90 

1.70 

1.00 
1.50 
1.20 

1.75 

l.(W 

.90 

.80 

.70 
.60 
.60 

.50 

.50 
3.10 

2.50 

2.00 

2.80 

2.40 
2.90 

3.30 

2.90 

2.00 

1.80 

Sec. 


m 

144 
140 
125 
110 

m 

14!) 

50 

43 

39 

25 

23 

21 

20 

21 

277 

120 

09 

33n 

221 

153 

200 

258 

210 

89 

70 


1900. 


July7 

July  13 

July  15 

July  18 

July21 

July  23 

July  25 

August  1 

August  4 

Augrust  6 

August  10 

August  13 

August  20 

August  24 

September  3  . 
September  5  . 
November  30. 
December  1  . . 
December  4  . . 
December  8  . . 
December  11 . 
December  15  . 

Do 

December  17  . 
December  19  , 


Feet. 
3.15 
1.90 
1.60 
1.52 
3.30 
3.50 
2.60 
3.15 
L'.20 
1.75 
;i.65 
2.56 
3.30 
3.40 


1.90 

1.90 

2.62 

2.40 

2.28 

2.20 

2.10 

2.17 

2.  lU 
•i   i.> 

2.0() 


Dis- 
charge. 


Sec. -ft. 

276 

92 

60 

47 

353 

398 

198 

311 

126 

70 

336 

136 

333 

273 

68 

62 

214 

168 

148 

ISS 

127 

135 

127 

136 

136 


TEXAS.  861 

r  gage  height,  in  feet,  of  Margueretla  flume  near  Peeoa,  Texat,  for  1000. 

Feb.'Mar.  Apr.  ,M»r.'Jnno.  Jaly.l  Ang.  Sepl.' Oct.   Nov.    T>rc. 


.,'.« 

r«. 

3.  at 

■■\.\0     l.Hl     S.Ut 


s.ae  f£-M!  i.flD  ' : 


—   Its  ,  S.HI.  i.M   :.a 


1.1s  I  S.80 


1.7(1     l.ra     S.iW    3.51 


TOYAH   CREEK,  TEXAS. 

,h  Creek  rises  in  natnral  sprinjiis  atxtut  40  miles  southwest  of 
Texas.  These  springs  are  mainly  in  section  -oG,  patented  by 
te  of  Texas  to  Antonio  Ball.     They  are  in  a  flat  vallej-  hemmed 

horseshoe  curve  of  the  Davia  Mountains.  About  3  miles  to 
■thwest  is  Phantom  Lake.  It  ia  stated  l)y  close  obsen-ers  that 
ter  of  this  lake  is  of  the  same  composition  and  general  charac- 
hat  of  the  Toyah  Springs,  and  it  is  probable  tliat  the  lake  is  on 
lergrouud  stream  that  issues  from  the  earth  in  the  springs. 
^est  of  the  Toyah  Springs  is  oval  shaped,  about  100  feet  long 
eet  broad.  Its  water  level  is  influenced  by  the  weeds  and  long 
vhich  grow  in  it,  also  by  the  atmosphere.  As  measui-ed  on 
iber  5,  1900,  by  Thomas  V.  Taylor,  the  entire  discharge  was 
nd-feet,  A  large  percentage  of  the  water  is  deflected  into  the 
f  the  Toyah  Creek  Irrigation  Companj-.  The  flow  of  the  spring 
1  to  about  S  heads;  a  head  l»eing  defined  as  the  amount  of 
lowing  through  an  opening  1  foot  square  the  upper  edge  of 
is  4  inches  below  the  water  surface.  There  is  an  unverified 
zy  tradition  that  the  flow  once  amounted  to  12  heads,  but  this 
>ted.  The  springs  are  about  an  eighth  of  a  mile  east  of  the 
3ce  at  Toyahvale.     La  Loma  is  alwut  1  mile  below  the  head 

on  the  right  bank.  India  (known  as  lirogiulo  post-office)  is 
I  miles  l)elow  the  springs,  on  the  right  bank,  while  Saragossa 
.es  below  the  head  spring,  on  the  right  bank  of  the  ci-eek. 
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Kov  several  miles  the  uit-ek  skirts  the  footliills  of  the  Da^'is  I 
taius,  and,  iu  additiou  to  tlif-  well-known  springs  mentioucd  il 
by  small  invisible  spi-inge  and  by  seepage.  It  empties  int^i  Tayti 
Lake,  a  large,  flat  depressioa  eharged  with  alkali,  about  35  DiUfl 
from  Toyahvale  and  about  12  miles  south  of  Pecos.  ' 

A  half  mile  above  Samgossa,  on  llie  main  Saragossa  diloh,  is  U 
Clements  gi-nin  and  flour  mill,  a  building  constructed  of  adobu  ( 
Limber,  whore  there  is  a  fall  of  13  feet.  The  principal  irrigstfi 
ditch  leadint;  from  the  largest  t»f  the  Toyali  Springs  (now  knowna 

I  the  Clements  or  Alui-jdiy  ditnh)  was  projects  as  early  as  187fi.  ft 
the  ditches  of  the  Saragossa  and  Toyah  Creek  companie 
tered  in  1875  and  isrti.  Afterwards  the  companies  passed  thron 
Tarioufl  ownerships  and  changes,  until  ISEIi,  when  Mr.  K.  Clemei 
obtalued  all  of  the  rights  and  titles  of  the  Saragossa  ditch,  and  is  19(fe 
a  controlling  interest  in  the  Toyuli  Creek  ditch.  The  SaragossH  din 
,r  diverts  wat*-!-  from  Toyah  Creek  about  GJ  miles  below  the  Tojw 
Springs  and  about  1}  miles  above  the  town  of  Saragossa.  Both  dit>cb0| 
I  are  uow  operated  under  the  Clements  management,  being  connecUi 

I  by  a  lateral.  The  original  Saragossa  ditch  was  constructed  probatAs 
SB  early  as  IfidV,  at  a  {>oint  where  the  bod  of  the  creek  ended  in  nthtj 
swampy  lands.  These  lands  arc  now  in  the  Saragossa  farm.  ¥n% 
the  best  evidence  obtainable,  the  How  of  the  Saragossa  Spring  wnf 
I  formerly  about  15  second-feet,  and  it  was  the  largest  affluent  et 
Toyah  Creek  l>elow  section  351)  (Toyah  Spring).  No  dam  is  used  lit 
the  hea^l  of  the  Saragossa  ditch,  the  bottom  of  tlie  ditch  beiug  lad 
enough  to  drain  the  creek.  ' 

111  iih  there  are  five  ditches  diverting  water  from  Toj'ali  Ci-eek,  ai 
follows:  (!)  Clements  (or  Murphy)  ditch,  'J  miles  long,  taken  out  o( 
Toyah  Springs  on  the  south  side,  and  irrigating  about  1,500  acrea^ 
(2)  the  Giffln  ditch,  1  mile  long,  taken  out  of  Toyah  Creek  ou  til* 
north  side,  and  irrigating  about  400  acres;  (3)  the  Saragossa  dilm 
(included  in  lb.'  rienient.s  system),  2  mil-^slony,  taken  nut  on  the 
south  side  of  the  creek  about  G  miles  below  Toyah  Springs,  and  itri- 
gating  1,500  acres;  (4)  the  St.  Isabella  ditch,  2  miles  long,  taken  oat 
on  the  north  side  of  the  creek  lit  miles  below  Toyah  Springs,  and  irri- 
gating about  60  aci-es  (the  oa>ek  at  this  place  usually  has  no  flow,  tho 
water  for  irrigation  being  obtained  from  springs);  (5)  the  Pruett 
ditch,  2  miles  long,  head  gate  36  miles  below  Toyah  Springs,  takeo 
out  on  the  south  side,  and  irrigating  about  :tOO  acres.  The  crops 
raised  are  mostly  corn,  wheat,  kaflir  corn,  and  sweet  potatoes.  From 
Toyahvale  to  Saragossa  the  irrigation  has  been  very  effective. 

PECOS  RIVEH  NEAK  MOORHEAD,  TEXAS. 

This  station  was  established  in  April,  liiOO,  by  the  Interuationw 
(Water)  Boundary  Commission.     It  is  near  Moorhead,  immediatfily 


I 
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le  high  bridge  of  the  Southern  Pacific  Railway.     During  1900 
)wing  measurements  of  discharge  were  made : 

Discharge  measiireinentH  of  Pecos  River  near  Moorfieady  Texas, 


Date. 


1900. 


Gaee 

height. 


Dis- 
charge. 


Date. 


Feet. 
3.30 
1.90 
2.00 
1.90 
2.90 
2.30 
1.70 
1.90 
2.10 
1.45 
1.40 
1.30 
1.30 
1.50 


l,i 
IJ 


ScC'/t. 

m\ 

d55 
746 
705 
,557 
,017 
(U8 
767 
906 
4^4 
400 
403 
363 
516 


«*d'^ 


9.25 

9.365 

1.70 

587  . 

1.2J) 

314 

1.10 

3ije 

1.50 

440 

1.50 

44:) 

1.60 

495 

2.10 

835 

1.50 

467 

1.30 

374 

1.40 

424 

1.40 

mn 

1900. 

September  4 

Septembers 

September  13 

September  19 

September  23 

September  28 

Octobers 

October  9 

October  13 

October  30 *.- 

October  23. 

October  28 

November  1 

November  5 

November  9 

November  13 

November  19 

November  27 

December  1 

December  7 

December  11 

December  15 

December  19 

December  24 

December  30 


Gage 
height 


Feet. 
1.25 
1.10 
2.25 
2.90 
4.20 
2.06 
2.90 
3.10 
2. 50 
2.00 
3.10 
2.90 
2.80 
3.20 
2.10 
2.00 
1.90 
1.70 
1.65 
1.60 
1.55 
1.55 
1.50 
1.60 
1.50 


Dis- 
charge. 


Sec.-ft. 

305 

260 

931 

1.475 

2,478 

1,406 

1,445 

1,589 

1.296 

998 

1,860 

1,764 

1,315 

960 

877 

783 

702 

580 

542 

538 

600 

635 

477 

440 

442 


/  gage  lieight,  in  feet,  of  Pecos  River  near  Moorliead,  Texas ,  for  J9(/0. 


Day. 


May. 


1.65 
1.90 
1.65 
1.50 
1.50 
1.40 
1.40 


1.50 
2.10 
2.85 
2.75 
3.55 
2.35 
3.30 
3.10 
3.0O 


Jnne. 

July. 

3.80 

1.50 

2.95 

1.45 

2.80 

1.40 

2.80 

1.40 

2.70 

1.35 

3.55 

1.30 

3.25 

1.30 

3.05 

1.30 

1.90 

1.30 

1.80 

1.30 

Aag. 


1. 
1. 
1. 


90 

85 


l.HO 


4.70 
3.25 
3.05 
3.00 
1.90 
1.&5 
1.80 
1.70 
l.N) 
1.95 
3.30 


1.70 
1.70 
1.90 
1.90 
1.90 
l.«) 
1.90 
1.80 
3.00 
3.00 
3.00 
1.85 
1.70 
1.60 
1.50 
1.40 
1.40 
1.45 
1.50 
1.50 


1.50 
1..W 
1.50 
1.60 
1.50 
1.50 
1.55 
1.80 
1.85 


1.30  i 

i.;« 

1.50 
1.50 
1.45 

i.ar) 

5.80 
1.75 
1.45 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.10 
1.30 


60 
55 


•  z 


1.50 
1.40 
2.10 
05 
1.95 
1.65 
1.5C 
1.50 
1.45 
1.40 
1.30 
1.25 
1.25 
1.40  ' 
2.15 
1.40 
1.40  . 


Sept. 


l.:« 

1.40 

1.45 

1.40 

1.50 

1.40 

1.50 

1.40 

1.30 

1.30 

1.40 

1.35 

1.20 

1.10 

1.10 

1.10 

1.10 

1.50 

2.25 

2.50 

3.25 

2.80 

3.90 

3.00 

2.90 

2.85 

2.75 

2.00 

3.85 

2.95 

2.75 

2.60 

2.60 

3. 15 

3.ft5, 

3.05 


Oct. 


3.35 
3.00 
2.90 
2.90 
2.90 
2.80 
2.70 
3.25 
3.05 
2.85 
2.65 
2.45 
2.^ 
3.20 
2.20 
3.15 
3.10 
3.10 
3.10 
2.00 
2.15 
3.80 
3.10 
3.35 
3.25 
15 
a5 
10 
HO 


3.05 


Nov. 

Deo. 

2.86 

1.60 

2.75 

1.60 

2.55 

1.60 

2.46 

1.60 

2.26 

1.60 

2.20 

1.60 

2.20 

1.60 

2.10 

1.60 

2.10 

1.60 

2.10 

i.eo 

2.00 

1.60 

2.20 

1.60 

2.00 

1.60 

2.10 

1.60 

2.20 

1.60 

2.10 

1.60 

2.00 

1.60 

1.95 

1.60 

1.90 

1.60 

1.80 

1.50 

1.75 

1.60 

1.80 

1.50 

1.90 

1.50 

1.80 

1.50 

1.80 

1.50 

1.80 

1.50 

1.70 

1.50 

1.70 

1.50 

1.00 

1.50 

1.00 

1.60 

1.50 

DEVILS  RIVER   AT  DEVILSRIVER,  TEXAS. 

Station  was  established  in  April,  1000,  by  the  International 
)  Boundary  Commission.  It  is  opposite  the  Southern  Pacific 
I  station  at  Devilsriver.     The  river  is  about  50  miles  in  length, 
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haA  a  perennial  flow,  and  during  flood  x>eriods  is  subject  to  gi 
fluctuations.  During  1900  the  following  measurements  of  discha 
wore  made: 

Discharge  measurements  of  I>et'ils  River  at  Devilsrit^r^  Texas, 


Date. 


1900 

May  20 

May  24 

May  30 

Jane4 

June? 

June  11 

June  16 

June  19 

June  23 

June  27 

June29  

Julys 

Julye 

July  10 

July  14 

July  19 

July  28 

July  27 

July  31 

August  4 

August  7 

August  11 


Gage 
height. 


Feet. 
3.80 
3.35 
3.00 
2.90 
2.  SO 
2.80 
3.8(» 
3.80 
2.70 
2.70 
8.20 
3.5*5 
3.80 
2.70 
2.tf5 
3.70 
3.60 
3.00 
2.00 
3.70 
2.65 
3.10 


DiH- 
cliarge.  i 


Sec-feri.. 

i:i75  ii 

1,458  . 

1.262  I 

l,3rj0 

1.060 

1.049 

994 

1,(K)0 

917 

896 

13.4UC3 

1,171 

895 

918 

90H 

948 

858 

891 

900 

9l»7 

944 

1.311 


Date. 


1900. 

August  14 

August  30 

August  23 

August  27 

August  31 

Se])tomber6 

Septemlxjr  10  ... 
September  14 ... 
September  30  . . . 
September  24  . . . 

Octobers 

October  9 

October  32 

November  2 

Noveml>er  6 

November  14 

November  23 

December  4 

December  7 

December  13 

December  18 

December  39 


Gage 
height, 


Feet. 
3.90 
2.70 
2.65 
2.60 
2.60 
2.70 
2.65 
2.50 
2.50 

10. « 
2.90 
2.80 
3.00 
3.30 
2.80 
2.70 
3.70 
3.50 
2.60 
2.60 
2.60 
2.50 


Di 
chai 


Sec.-i 


Daily  gage  Jieight,  in  feet ,  of  Devils  Riin^r  at  Devilsriver,  Tejcas,  for  JO^MJ, 


Day. 

May. 

3.05 

3.  HO 

3.s<» 
3.  W» 

June. 

3.00  i 
3.9  0! 

3.1KI  1 
3.  ".'<» 
3.!>0 

July. 

3.30 
3.30 

3.  HO 
3  !Ki 

Aug. 

2.t« 
2.70 
3.80 
3  75 
3  (1-, 

Sept. 

Oct. 

Nov. 

1 

1 

2.70 
2.70 
3.70 
3.70 
3.70 

3.00 
2.90 
2.1»o 

3.1X1 
3.  H) 

4.25 
3.75 
3.30 
:i.Uo 

2           

3 

4 

5 

3. 05 

6 

3.  SI 

3.  s.') 

3.  !Ki 

.3..V) 

3.70 

3.  SO 

3.H)  1 

1 

3  S,-, 

3.  s:, 

3.  HI 

3.  r>ii 

3.70 

3.H) 

3.  SO 

8 

3.  Si  I 

3  HI 

3.  HI 

I.Crf) 

3.  <o 

3.  HI 

3.  HJ 

9 

:i.s<) 

3.NI 

3.  HI 

i..r> 

3.  70 

3.  HI 

3.  HI 

10 

3.  s(> 

3.  HI 

3.  HI 

:;.  4.-> 

3.r;0 

3.1HI 

3.  HI 

11 

3.  75 

3.  so  1 

3.  HI 

:{.  1.-) 

3.00 

o.Oil 

3.  HI 

13 

3.  ::> 

3.  HI 

3.  HI 

3.  IC) 

3.tVi 

:j.(.ni 

3.  Ml 

13 

2.^^ 

3.  HI 

3.711 

3.1»(i 

3  «vo 

:{.oo 

3.  HI 

14  ... 

;{.:.'.-. 

3.  HI 

3.711 

3. 1H» 

3.  .'m 

a.  00 

3.  70 

15 

4.<>i» 

2.^)  1 

3.  tM 

3  im 

3.r>o 

:Voo 

3.70 

16 

a.  10 

'2.  Si)  ' 

3.711 

3.  S-, 

3.r>o 

;i.oo 

3.iyi 

17                       

3.IH» 
3.«.H> 

3.  HI  1 
3.  HI 

3.7(1 
3.711 

3.  HI 
3.  HI 

3.50 
3.  .VI 

:i.oo 
:j.  00 

3   till   . 

IH 

3.70 

19 

3.  l»" 

3.7:»  1 

3.7«i 

3  HI 

3.r,o 

:{.oo 

3.70 

30 

3.iMi 

3.  HI 

3.  70 

3.  7.-» 

3.rMi 

a.(.ii^ 

3.  70 

21 

15. :.-, 

3.  ::>  , 

3.  70 

3. 7r> 

t  vi 

a.  (m 

3.70 

r,.  a-. 

3.  :.■) 

3.70 

3.70 

10.  (Vt 

3.  (HI 

3.  70 

3:^ -    . 

:j.  to 

3.  HI   1 

3.fVl 

3.711 

15.35 

;{.oo 

3.7(1 

3t 

a.  :r> 

3.  so 

3.V, 

3.  70 

11. (HI 

;{.  00 

3.70 

25                         

:{.3<i 
;{.  10 

3.  SO 

3.  HI 

3.  .V) 

3.  HI 

3. 70 
3.70 

»;.  30 

5.05 

:{.oo 

3  00 

36. 

3.r)0  1 

37 

a.OT) 

3.H)  , 

3.IJ0 

3.r,o 

t.:i5 

a.  00 

3.150  ' 

38 

.•{.00 

3.  HI 

3.«iO 

3.  fio 

:?.  40 

M.oo 

3.t'«0 

39 

:mio 

S.3-) 

3.  ^^,^ 

3.  ♦JO 

:».(Mi 

a.  00 

3.tV0  1 

:«) 

:}  mi 

4..V) 

3. 7.-. 

3.r.(i 

3.  (Ml 

a.  Oil 

3.  tVI 

31 

a  00 

....   .  -  _  .  ' 

3.  t).'. 

:.'.»yi 

:i.  IH) 

D( 


RIO   (iKANI)K    XKAK    DKVTLSlirVKR,   TEXAS. 

This  station  was  established  in  Ai)i'il,  IIhh),  by  the  Internatioi 
(Water)  Boundary  Commission.  It  is  alongside  tlie  Southern  Paoi 
Rivil way  track,  about  a  half  niih^  b^^low  the  mouth  of  Devils  Ki\ 


oat  480  miles  below  El  Pnso.     During  1900  the  following  m^ns- 
its  of  dischar^  were  made : 

Diarharye  maimirementH  of  Rio  Orandf  near  Det'ilKrirer,  Tpong. 


Date. 

a 

iS 

li 

?:S 

n.iu 
H.nu 
r,.a6 

5,30 

Dnte. 

Uave 

s.w 

t  70 

n.flO 

!:S 

ii 

3.H& 

.■|!T5 

3,70 

;(,«5 

<-h»w 

....'^^ 

SoptemlerU  ..;. 

4.au 

0.W.1 

^■^ 

I;JS1  SS£S!:{,i:::--::::" 

Octobor^-.- 

■  » 

,3te 

NoveoiUT  10 

;::::;:;::::::;:;:;:::: 

111 

SSS;!':::;:. ;;::::-.:::: 

::SJ 

SSSteS::::::::::;-.:::::- 

" 

»■""»"=" ■ 

234H 

9  gage  height,  in  feet,  of  Rio  Oraniif  near  Derititrirer,  Texa»,for  i: 


May.     Jano.  [  3n\j.      Aur.      B«pt. 


IHtl 

30 

■«" 

I.IW 

;..«. 

■i.m 

LOT.  I     e.M>|     6.1a  ^ 


,»,, 

"" 

Dec. 

TBO 

•■s 

*■«) 

.w 

4.a> 

■^ 

■;!!i 

■a 

4.1JU 

■S! 

.im 

■s 

Vl 

'aw 

■"' 

.M 

RIO   GRANDE   NEAR  EAGLE    PASS,    TEXAS. 

station  was  established  in  April,  1900,  by  tlie  International 
■)  Boundary  Commission.  It  is  a  half  mile  above  the  railway 
between  Eagle  Pass  and  Ciudad  Porfirio  Diaz,  Mexico,  n.nd 
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about  540  miles  below  El  Paso,  Texas.     During  1900  the  follov 
measurements  of  discharge  were  made: 


<t»  of  Rio  Omnde  n 


r  Eklffie  Pom,  Ttxa*. 


D.te. 

!a. 

...St.., 

IWD. 

1  F.:t. 

"rft 

We=::^ 

;;;;;■  % 

1 

JSii:::"::;:::::;:: 

i      S.IW 

i 

Jaueai 1      3.5(1 

!1f( 

Jny)* 

^--i^ 

iS41 

Jnyai 

AnStwlU 

l3»SSJIb 

:::::.  t| 

li 

ASiSStK.::;:::::::::;: 

i"p1S^^r.-:--:::;:-.::; 

1       1.4<l 

«.mi 

Dat*. 

a.o,s 

iMia 

jr„,.  [  *, 

ssS"?;:;;:;;::;;;;;:::;; 

Novi-mber  Id 

III" 

SovemL__  _     .. 

Novemlwr  ;!1.., 

nborSa;" 
_  .  Jibnrat... 
Kovemtier  W>... 
December  1 

Deoamber  11  ... 


Itnilg  gage  hHahl 

ittfevt,  of  Hio  (iranth:  near  EagI 

PiM«,  T&niK,  for  Hi/'J 

U.y. 

May.  !  Jnn..  1  Jnly,  '  A.g, 

""•I*' !-'■'■ 

k:::::-:::::::::::::::::: 

-l.;"'      3.WM      S-TSj      fi.«l 

«!  si  fsr 

KEKN    UIVKK    .\T   (^llEKMilVKl. 

.Mav  L',  is;.-.. 


Thisslntiiin  was  .'.-;t;ibli 
Of  tlK'  riii.m  I'iU-ili.-  Kailwii.v  f"m|iai 
w/is  piiblishvii  ill  \V:ilci'-Su|)|ily  I'api 


YtniiNi;. 
■■'.      It  is  at  the  pum|)  In 
A  .k>scTi])tioii  (if  Iho  sla 
[J.  :!7,  patrt'  i-'^O.     HcsuK 


WYOMING. 


867 


measarements  for  1899  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  302.  The  station  was  discontinued  March  31, 
1900.    No  measurements  of  discharge  were  made  dui'ing  the  year. 

Dailffgage  lieight,  in  feet ^  of  Chreen  River  at  Greenriver,  Wyoming,  fi>r  lOfM), 


\     D»r. 

Jan. 

Feb. 

Mar.   j 

1 
'■'i.'56'i 

""i.'55'i 

'i.'tts 

Day. 
12 

Jan. 

Feb. 

1 

Mar.   1'    Day. 

if 

Jan. 

L75  : 

""i.'75' 

""i.'76'; 
'"l7o': 
'"  i.'es" 

1 
1 

1 

Fol).    1 

Mar. 

I. 

.     I.fi5 
'"i.'TO" 
!  "L75' 

'"i.ttS" 
""i.'tt5* 

I.eo 

1.20 

I2:. ■ 

135 

137 1 

!  38 

1  29 

1 

'  1.::::: 

13 

14 

l.«5 

1.45  ' 

1 

1.45 

1.35 

t 

'"i.55 

1.25 

4 

15 

16 

1.85 

1.40 

5. 

1.55 

1.30 

1 

17 

1.85 

1.30  ' 

i 

1.50 

I 

l.t» 

:  18 

1.55 

1.30 

JL 

i.eo 
"'i.'eo' 

1.50  ! 
'i.26' 

19 

30 

1.85 

1  30 

I.eo 

1 

i.86 

i.56 

1.30 

31 

1 
1 

u 

21 

1.80 

1 

i 

u 

l.^(5 

22 

1.50 

1.30 

BLACK   FORK   OF   GREEN   RIVER   NEAR   GRANGER,  WYOMING. 

This  Station,  established  April  28,  181)7,  is  below  the  mouth  of  Hams 
Pork.  It  is  described  in  Water-Supply  Paper  No.  37,  page  2S7.  Results 
of  measurements  for  1891)  will  be  found  in  the  Twenty-first  Annual 
Report,  Part  IV,  page  303.  During  10<)()  the  following  measurements 
wen?  made  by  A.  J.  Parshall: 

May  3:  G2^e  height,  1.4o  feet;  discharge,  778  second-feet. 
May  15:  G^e  height,  2.85  feet;  discharge,  1,960  second-feet. 
June  7:  Gage  height,  2.20  feet;  discharge,  1,455  second-feet. 
June  20:  Gage  height,  0.85  foot;  discharge,  468  second-feet. 
July  4:  Gage  height,  0.13  foot;  discharge,  75  second-feet. 
July  28:  Gage  height,  —0.20  foot;  discharge,  L7  second-feet. 

IkiUygage  height,  in  feet ^  of  Black  Fork  of  Green  River  near  Granger ^  Wyoming, 

for  1900, 


Day. 

Jan. 

Feb. 

,               1 
Mar.    , 

1 

1 

« 

3 

1.20 

1.70  1 

4 

5 

6 

1.30 

* 

( .. ...... 

8 

i- 

. 1 .     ,              .1 

9 

1 ' 

10 

1.00 

i.K) ; 

11 

1.95  [ 

12 

. .... 

2.tMl 

13 

"'i.';*)*!.. ..:.:: 

2.8U  1 

14 

2.(»r)  1 

15 

1 . 

La's ' 

1« 

.--.-•..i-. -..-.. 

1.25 

17 • 

I.eo 

1.35 

18 ■*"       .."     .        . 

19 

1      ....' 

8D 

1.30 

...-- — 1  — ..... 

a 

1 

a :   " 

28 

1 
^  1 

84 : 

1.80 

.90  ' 

25.... 

1 

28 

R.... 

1.30 

--••---• 

1 

28 

1 

28...    1 

30...:: 1 

a... ' 

70 



Apr.       May.  ■  Jnne. 


0.05 
.70  ' 

WW 

.  tit  I 

.85  ' 
1.<K) 
l.U)  ' 
l.(X)  I 
1.35  ; 
1..T5  , 
1.25  ' 
1.20  I 
1.00  I 
1.00 
1.00 
l.fK)  I 

.90 

.1*0  ' 

.90  I 
1.05 
1.20  ' 
l.:«}  ' 

i.;jn  I 
i.;«) 

1.25 
1.20 

i.:jo 

1.30 
1.30 
1.00 


1.75 
1.70 
1.45 
1.50 

1 .  .55 

l.(W) 

l.W 

l.«> 

2.{K} 
•>  •« 

M.    Mil 

2.«50 
2. 1*0 
2.a5 
2.90 
2. 55 
2. 50 

2.  «V» 
TO 
70 
71) 
45 


1     ! 


55 


I 


2.55 
2.85 
2.95 
2. 95 
3.00 
3.a"> 
3.441 
3.25 
3.  (ft 


2. 1»5 
2.  mi 
2.5<» 
2. 45 
2.2r»  ' 
2.2<)  i 
2.:» 
15  I 

05 

85  ' 

:o  I 

l.tiO 

i..'»<» 
1.40  ' 

1.25 
1.10 
l.Ol) 
l.OJi 

•  IC)  , 

.85 

.   4.1 

.70 
.  05 
.00  i 
JSo  ' 
.H5  1 
.55  . 
.:15  I 
.25  I 


11.20  - 

.2J»  - 

.  15  - 

.10  - 

.10  - 

.(!:>         - 
.00      - 

.m  - 

.00  - 

.00  -■ 

.00  - 

.00  ,  - 

--.10  - 

-.20  - 

-.20  (f  - 

-.20  (/  - 

-.20  tt- 

--.2«»  //- 

-.;{()  (i- 
-.:>()  (i- 
-  .;{u  <i-- 
-.2ii  n- 
-.20  n- 
-.10  a 

.00  a- 
-.05  a~ 
-.10  a- 
-.2l»  .(I 
-.20  1(1- 
-.20  Vi- 
-.20  lU- 


lUj;. 

Sept. 

0.2() 

(1-0.20 

.20 

.20 

.20 

.20 

.2>» 

.20  ' 

ia> 

.20 

in) 

.20 

ia) 

.20 

(a) 

.20 

((I) 

.20 

(U) 

.20  1 

ia) 

.20  ' 

(a) 

.20 

(n) 

.20 

(a) 

.2t)  ; 

(a) 

.21)  , 

ia) 

.20  1 

(a) 

.20  , 

(«) 

.20  1 

(«) 

.20  1 

(a) 

.20 

(a) 

.20  1 

«n 

.21) 

.20 

.20 

.20  , 

(d) 

.20  1 

(a) 

.20 

(«) 

■  .ao 

a  Water  standing  in  pools. 
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ASHLEY   CREEK   NEAR   VERNAL,  UTAH. 

This  stream  drains  an  an*a  directly  east  of  the  Uinta  Basin. 
AlMJUt  7^  miles  alK>ve  the  town  of  Vernal  the  river  appears  from  its 
canyon,  and  within  the  next  few  miles  a  series  of  canals  divert  its 
low-water  flow,  which  is  appli(Kl  to  the  adjacent  lands — Vernal  Val- 
ley— which  are  extensively  irrigated.  This  valley  is  descril>ed  in 
detail  in  the  Twenty-tirst  Annnal  Rej^ort,  Part  IV,  pages  311  to  313. 
A  gaging  station  was  established  in  the  canyon  of  this  stream  on 
March  15,  1900,  by  C.  T.  Prall.  It  is  located  at  the  ranch  of  the 
observer,  E.  Marett.  The  gage  is  a  vertical  rod,  painted  white,  fas- 
tened to  the  west  side  of  the  single  pi<*r  of  the  wagon  bridge.  The 
bench  mark  is  a  2()-penny  nail  <lriven  in  the  pier  opposite  the  4-foot 
mark.  The  channel  is  straight  for  a  distanc.e  alK)ve  and  below  the 
bridge,  and  the  bed  is  rocky.  At  high  stages  two  other  channels 
discharge  a  portion  of  the  water,  and  these  also  have  to  l.>e  measured. 

The  three  principal  canals  diverting  water  from  Ashley  Creek  below 
the  gaging  station  are,  in  order  do\vnstream.  Upper  Ashley  canal, 
Rock  Point  (*anal,  an<l  C(Mitral  Ashley  canal.  During  the  season  of 
1900  they  were  measured  twice  by  C,  C.  Habb,  with  the  following 
results: 

DiHcJiarge  iiieasurements  of  canala  dh'erting  wxiter  from,  Ashley  Creek, 


Date. 


\\^*K 


May  L".»  . . . 
Auijust  '2\ 


■  Upper  I     Rock      Central 


Ashley  ■    Point 
canal.    I    canal. 


ABbley 

canal. 


Srr.-ft.  Sir.    ft.     '     >M    -'' 

nV2  '  ♦$..<  "l" 


</ At  iiu'.'isurin^  wi'ir. 

On  ()ct()h(M-  :{n,  I'JOO,  A.slilcv  ("reck  wa.^  nn^asurcd  bv  A.  L.  Fellows 
at  its  moutli,  near  .Fcnscii,  Ttali,  and  a  (liscliai'uce  of  1 1  srcond-t'eot  was 
found.  During  l]i<»  year  the  followiiiu'  inrasunMncuts  w<m-<'  inado  at 
tlu*  r(»gula!' Stat  ion  in  tliccauyon  i>y  ('.  T.   l*rall  and  otliers: 

Dischdnjr  nu'dsurrinrnfs  «>/  Ashhi/  Cnrk  nctir  ^'rn^^lI,   rtuh. 


T»  ,.                            <Tiijj:t'  I.)is- 

^''"''-                          heiKht.  rlmrj:.-. 

hnm.                            I    F^rt.  .s<r.-n. 

Febrnary8 'M 

March  15 n.\H  \  :\: 

Mayl I        .«••:*  to 

May28 .'{.lm  TTiJ 

Juuoll  174  :MH\ 


OjiT. 


!  C-Jatrc         His- 
iheiurht.    cbarjre. 


T.»iiii.  y,vt. 

.ln]y'S.\ .1  o.  »•«: 

Do I  .tu 

Auiru-'t  :.'l 1  .JWi 

N«)vtMul>er  1- i  ..V» 


S>r.ft. 


I* 

47 


UTAH. 
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If  itOQt  height,  in  feet,  of  Ashley  Creek  near  Vernal,  Utah,  fftr  1900, 


0.48 

.48 

.49 

.50 

.40 

.49 
.48 

.49 

.53 

.50 



.50 
.50 

.50 

.50 

.50 
.50 

.50 

0.48 

.50 

.48 

.50 

.^ 

.50 

.48 

.50 

.49 

.53 

.60 

.63 

.50 

.60 

.49 

.flO 

.49 

.eo 

.48 

.eo 

.48 

.60 

.48 

.65 

.48 

.65 

.48 

Apr. 


May.  ,  June. 


0.60 
.65 
.63 
.70 
.98 

1.30 

i.ao 

1.50 
2.30 

M.  (Ml 

3.85 

3.50 
•>  •« 

3.(r> 

3.30 
3.50 
3.50 
3.45 
3.30 
3.30 
3.35 
3.60 
3.00 
3.30 
3.35 
3.30 
3.45 
3.:)5 
3.15 
3.80 
3.66 


3.45 
3.40 
3.35 
3.40 
2.00 
1.85 
1.70 
l.(S5 
1.70 
1.70 
1.75 
1.65 
1.55 
1.50 
1.45 
1.43 
1.40 
l.:i5 
1.30 
1.30 
1.30 
1.30 
1.15 
1.10 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 


July. 


0.95 
.95 
.90 
90 
.90 
.90 
.90 
.85 
.85 

.85 

.85 

.85 

.85 

.85 

.K5 

.85 

.80 

.80 

.75 

.  75 » 

.7<» 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 


Aug.  ,  Sept.  '    <.)ct.    I  Nov.  i   Dec 


I 


0.65 
.65 
.65 
.65 
.65 
.65 
.65 
A\S 
.65 
.65 
.65 
.60 
.60 
.60 
.55 
.55 
.55 
.55 
.55 
.55 
.60 
.60 
.60 
.(iO 
.60 
.60 
.»iO 
.60 
.60 
.60 
.60 


0.55  ' 
.55  I 

.50  I 
.50  I 
.50  I 
.50  . 
.50  I 
.50  I 
.5(» 
.58 
.65 
.tJO 
.60 
.55  I 
.55; 
.55  ! 
.55  i 
.55 
.55  I 
.55  1 
.55 
.60  ' 
.60  ; 
.75 
.70  ' 
.65 
.70 
.70 
.65 
.65 


0.70  I 
.65 
.65 
.65 
.60 
.60 
.60 
.65 
.tJO 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60  i 
.60  I 
.60  I 
.60 
.60 
.60 


0.60 
.60 
.60 
.60 
.60 
.60 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.60 
.60 
.<iO 
.60 
.65 
.65 
.65 
.60 
.60 
.60 
.55 
.55 
.55 


0.56 
.65 
.65 
.56 
.66 
.66 
.66 
.56 
.66 
.66 
.66 
.66 
.66 
.55 
.60 
.60 
.60 
.50 
.50 
.50 
.60 
.50 
.50 
.50 
.50 
.60 
.50 
.50 
.60 
.50 
.50 


UINTA  RIVER  NEAR   WHITEKOCKS,  UTAH. 

station,  establislied  by  C\  V.  Babb  on  September  10,  1809,  is 
(1  in  Water-Supply  Papcn-  Xo.  »*57,  page  288.  During  1000  daily 
were  not  kept  at  this  place,  but  fi*e([iient  measurements  of 
;e  were  made  by  (■.  T.  Prall  and  others,  as  follows: 

discharge  vieasureinvnts  of  Uinta  River  near  Whiterocks,  Utah, 


Dat4*. 


'  Oa^e  I      DiH- 
hcight.   charge. 


Date. 


Ga^o         Di»- 
height.   charge. 


1900.  Frrt. 

al.OT) 

<..«0 

a.lW 

(t\.m) 

ril.(J5 

f7.JH) 

3 it. mi 

9 1    fil.<J3 

6 84 

H9 

'  '        .h7 

.m 
i.'.M) 

3.3(» 
l.i<l 

i.m 


Sec- ft. 
114 
lO.') 
113 
116 
114 
113 
106 
117 
115 
131 
i;«) 
13J) 

i:»> 

144 

133 

1,163 

1.059 

KUl 

44  I 


IIMMI.  Ftvt. 

Juno  33 1.50 

June  3}» l.XJ 

Julv7 1.30 

July  13 1.10 

Julv3») '      l.(Kl 

AugUrttO 1.05 

AUfcr"!>t3l 1.JI3 

Sei)tomlwr4 l.(V4 

Septembttr  17 m 

Octol>er« l.(«» 

Octol)or39 1»5 

November 5.    .W 

NovenilKir  l'.» HO 

NovenilK»r3»i '        .i»5 

December  3 |      1.05 

DceemlHir  11 r/  I.IM) 

Decembers I   al.«iO 

December  3t ,     a .  Ii5 


418 
Ml 
350 
334 
IMi 
1«,' 

i8i; 

165 
l.V) 
mi 
14.-> 
13h 
l:{(; 
150 
170 
l.U 

14:) 

l.jii 


a  Gage  height  doubtful  on  a<;couut  of  ice. 
WHITEROCKS   RIVER   NEAR   AVHITEROCKS,    UTAH. 

itation  was  established  Sept^'iiiber  lo,  1800,  by  C\  C.  Babb,  in 
ion  with  the  investigation  of  the  water  supply  for  the  Uinta 
ResorvHtion.     It  is  in  the  (*anyon  of  t\\e  vWev,  vv\>owX)  V^  m^^^ 
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above  the  Indian  agency  at  Whiterocks,  and  is  described  in  WatCT- 
Supply  Paper  No.  37,  page  289.  Results  of  measurements  for  1891 
will  l)e  found  in  the  Twenty-first  Annual  Report,  Part  IV,  pages  322, 
323,  and  324.  Daily  gage  readings  were  not  maintained  during  1900, 
but  frequent  measurements  of  discharge  were  made  by  C.  T.  Prall 
and  others,  as  follows: 

Discfiarge  ineasureinents  of  Whiierocks  River  near  Mln'terctcks^  Utah, 


Date. 


I  Gatre 
heiRht. 


Dis- 
chariire.    ' 


Date. 


I  Gage        Dis- 
heisrht.!  chaimk 


1900. 

Jannary  4 

January  0 

January  17 

January  £3 

January  31 

February  13 

February  20 

February  27 

March6 

March  13 

March  ao 

March  27 

AprillO 

April  17 

Biay23 

June2 


Feet. 

(I0.D5 

a.U5 

a.m 

a.«0 

a.W 

al.(K) 

a. 90 

UK) 

l.OU 

.K» 

.«J 

.H8 

.92 
2.811 
2.:ii) 


Sec.  ft. 

40 
46 
49 
44 
40 
44 
03 

:« 

49 
47 
45 

41 
47 

7:H) 

4HS 


19U0. 


Feet. 
1.80 
1.01 
1.52 
1.33 
1.23 


I  June  7 

'  June  16 

June:;^ 

June  30 

JulvO 

Julyl3 1.16 

July  21 1.10 

AuRUStlO 1.10  I 

AuKU8t22 1.10  ' 

Septembers 1.10  i 

September  1» 1.04  ! 

October  10 1.05 

OctoberSO 88  i 

Novembere 95  1 

November  21) 95 


Sec.-ft. 


m 

UB 
IB 
71 

m 
» 
as 

« 

65 

II 
61 


a  Gage  height  doubtful  on  ziccount  of  ice. 
UINTA   RIVER   AT   FORT   DUCHESNE,  UTAH. 

This  Station,  established  by  C.  C.  Babb  on  September  14,  1899,  is 
at  the  highway  bridge  at  the  military  post.  It  is  described  in  Water- 
Snpply  Paper  No.  37,  page  200.  Results  of  measurements  for  1899 
will  he  found  in  the  Twouty-lirst  Aiimial  Report,  Vnvt  I\^,  paircs ')'2i?, 
']'2^,  and  '\'2-[.  Duv'wvj:  IImui  ihc  followino:  In('a^umH(Mlts  of  disdiaW 
W(»n'  made  h\  ('.  T.  l*i'all  and  othci's: 

Disclnnyr  incdsttnincnts  nf  riutu  Uinr  (tt  Fnrf  l^nvhi  sm,  Utnl,. 


I)ut«-. 


I<.H<(I. 


January  '> . . 
Jjiuiiury  1 1 
January  ll» 
January  'S). 
February  ~ 
F«*bruairyl<i 
February  1 
February ~w 
Mar<h  'J.... 
Murcb  H . . . . 
MarehU... 
Manrb  :il  . . . 
Marrb:.V-. 
April  12.-.. 
AprillH.--. 
April  27.... 

May:J 

Muyll 

May  1« 

May  IH 

May^l 

MayU 

May  31 

June9 


I . 


Gap- 
hei^'lit. 

Dis 
<-lmr^{e. 

Dat.'. 

(TaLTi' 
hri^'ht 

I'iv 

Frit. 

Srr.-ft. 

r.«H). 

Fi:i  f. 

Sx.ft 

n  •..».  .V5 

12'.» 

June  i:{ 

:{.:ft> 

■4:''> 

n  :.»..-.(> 

Il> 

JlltlO  l.** 

;Mt-, 

IN 

ff  :.».»><  1 

i:£.' 
12:{ 

K'l  , 

.fUIli'  'i'» 

2.  us 
2.  70 
2.  7»i 
2.  ")!♦ 

1H7 

II  :i.  'm 

July  2 

17'.' 

ii'i  .V) 

July  2 

ItHJ 

<(:.•.  tHi 

July  «.» 

114 

(lli.^Ki    . 

lir> 

July  17 

2.  :J!« 

.> 

-'.  ti: 

14;{  ; 
141»   , 

July  25 

2.44 
2. 21 

fk^ 

-.  77  . 

Au^ni'-t  4 

li» 

L^^5  i 

173  ! 

Au!.ru^t  17 

2.  IS 

:ii 

2.01 

];J7  11 

AuKU.•^t  2^ 

2. 27 

;{4 

M 

S«'i»t»*inlier  11 

2.  r>s 

sn 

2.:J7 

»>2 

( )«'t<)l)ei' h  

2. 02 

9> 

-'.i:i 

70 
1  r> 

C)ct<»U'r2»'» 

2.  M 
2.»« 

I.Li 

2.  :{!• 

Noyt'nih..«r:» 

IKI 

2.11 

72 

NoyfinlN»r  \u 

2.r>2  1 

97 

'J  AS 

W 

NovfinlHT  17 

2.rK>  , 

KtJ 

:i  17 

37»i 

NoyemlHT  2t ... 

2.74  1 

114 

a.ui» 

:uy< 

NoyeMilM»r2!> 

2.01 

w 

n.Rs 

l.'MJ 

D.M'eiulH'r  8 

2.tM   ! 

H'> 

a.s: 

1.04") 

I>tM-einl>or  I'j 

2.(M 

li« 

4.  .T) 

l.'J72 

DeeeiulHir  22 

2.  «l> 

1"> 

4.11 

1.2,-)4 

r)fcemlM.T  2»l 

■        -jA'il 

91 

:{.  4r. 

."Md 

a  Gaffe  height  (li»ubtfu\  t>i\  uroovAUX  olio.e. 


UTAH. 


871, 


Aifly  ifogf  height f  infeety  of  Uinta  River  at  Fort  Duchesne,  Utah,  for  19f)n, 


D»y. 

Mar. 

Apr. 

May. 
2.54 

Jane. 
3.98 

July. 

•>  77 

Aug. 
2.21 

Sept. 
2.20 

Oct. 

Nov. 

D<h;. 

1 

(a) 

2.42 

2.63 

2.IW 

2.70 

t 

(a) 

2.41 

2.51 

3.85 

2.75 

2.20 

2  22 

2.68 

2.6.') 

2.70 

1 

(a) 

2.44 

2.48 

3.78 

2.78 

2.20 

2.23 

2.W 

2.65 

2.70 

4 

2.78 

2.49 

2.45 

3.71 

2.75 

2.20 

2.a'> 

2.63 

2.65 

2.70 

S 

12.77 

2.54 

2.48 

3.63 

2.72 

2.:« 

2.45 

2.tM) 

2.65 

2.63 

1 

2.74 

2.56 

2.53 

3.59 

2.62 

2.47 

2.43 

2.55 

2.61 

2.08 

1 .... .............. 

2.7H 
2.8tt 

2.54 
2.53 

2.52 
2.55 

3.53 
3.47 

2.6(» 
2.60 

2.43 
2.40 

2.40 
2.39 

2.55 
2.60 

2.M 
2.04 

t 

2.60 

f 

2.KJ 

2.53 

2.60 

3.45 

2.59 

2.39 

2.40 

2.60 

2.65 

2.63 

» 

2.6H 
2.«7 

2.52 
2.46 

2.76 
3.10 

3.39 
3.43 

2.64 
2.48 

2.3:j 

2.25 

2.48 
2.5l» 

2.00 
2.60 

2.65 
2.65 

2.70 

n 

2.65 

B. 

'      2.fl6 
2.« 

2.46 
2.47 

3.38 
3.25 

3.4.3 

3.:» 

2.43 
2.40 

2.25 
2.25 

2.53 
2.50 

2.60 
2.00 

2.65 
2.65 

2.60 

B 

2.60 

M 

2.61 

2.47 

3.20 

3.2I> 

2.38 

2.25 

2.44 

2.50 

2.65 

2.40 

B 

M.  (JD 

2.46 

3.26 

3. 17 

yh) 

2.25 

2.44 

2.j> 

2.65 

2.40 

II 

2.57 

2.43 

3.67 

3. 10 

2.19 

2.4:) 

2.65 

2.65 

2.50 

11 

2.56 

2.41 

3.»» 

3.08 

2.17 

2.42 

2.65 

2.a5 

2.50 

« 

2.53 

2.44) 

4.42 

3.04 

2.17 

2. 42 

2. 7(» 

2.65 

2.60 

1 

2.52 

2.40 

3.»7 

3.01 

2.20 

2.42 

2. 70 

2.70 

2.60 

9 

2.47 

2.40 

3.80 

2.98 

2  22 

2.43 

2.70 

2.70 

2.60 

11 

2.44 

2.44 

3.84 

.      2.99 

2.27 

2.44 

2.6S 

2.75 

2.80 

S 

2.42 

2.41 

4.05 

1      2.96 

2.30 

2. 45 

2.(V5 

2.80 

2.(W) 

S 

2.41 

2.43 

4.20 

2.94 

2.:{0 

1      2. 5l» 

2.68 

2.80 

2.50 

II 

2.41 

2.41 

4.33 

3.00 

2.3f) 

2.tlH 

2.tl8 

2.75 

2.40 

s 

2.41 

2.40 

4.26 

,      2.98 

2.:«) 

2.74 

2.  tW) 

2. 75 

2.50 

% 

2.42 

2.;« 

4.38 

2.93 

2.3*i 

2. 74 

2.(tt 

2. 70 

2.60 

c 

2.43 

2.41 

4.50 

'      2.85 

2.  .32 

1      2.60 

2.65 

2.67 

2.60 

» 

2.38 

2.44 

4.53 

1      2.87 

2.31 

•>  fill 

2.65 

2.65 

2.60 

9 

2.38 

2.60 

4.38 

1      2.82 

2.;« 

2.:*} 

1        •>   v» 

2.65 

2.61 

2.  IK) 

II 

2.42 

2.61 

1      4.17 

1      2.80 

2.24 

2.29 

1     2.:»2 

2.65 

2.60 

a 

2.43 

«>n. 

1      4.09 

I 
1 

1 

1 

/>  No  record  Jii 

1 2.65 

t 
1                               t 

ily  15  to  28. 

aFroz 

During  the  year  two  of  the  largest  canals  <li verting  water  from 
Uinta  River  in  this  locality,  known,  respectively,  as  Canal  No.  1  and 
Bench  ditch,  both  heading  abovt*  Fort  Ducliesne,  were  nieasureil  t^vice, 
with  the  following  resnlts: 

DiHcharge  ^neasurtinents  of  canals  alxn^e  Fort  iMirhettue, 


Date. 


Caual  No.  1. 


Ortober  10. 


19rw. 


,  Oage 
height. 


I    Fi'et. 
I      1.10 

I         .8 


I 


Di8 
charge. 


Sec. -ft. 

31 

9 


Bench  ditcli. 


Gage  I      Dl8- 
heignt.,  charge. 


Ftn't.   I  Svr./t. 


1.10 
.70 


:» 

•»•» 


UINTA    RIVER   AT   OURAY    SCHOOL,  UTAH. 

This  station,  established  November  8,  1890,  is  at  the  highway  bridge 
over  the  river  near  the  Onray  School,  on  the  Uinta  Indian  Reservation. 
It  is  described  in  Water-Snpply  Paper  No.  37,  pagi^  201.  Results  of 
measurements  for  1809  will  be  found  in  the  Twenty-first  Annual 
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JBeporl,  Pari  IV,  pages  322  and  324.     During  1900  l.bi'  following  n 
ttremeutH  of  discharge  were  inudo  by  C.  T.  Prall  and  others. 

Diiicliarge  measnreiiitHl»  of  Uinta  RiEer  at  Oiiraf/  School,  Uloh. 


I  Qm»  I 


tnijStli 


g|:..::::::::: 

j   "-^ 

^:::-::::;:::.; 

""'■-    1 

Sit 

3a 

is-:;:;:;;;;;:;;:: 

■     l;is 

-     10 

NoTHDberai  . 


aOkgo  hMght  doubtful  on  i-econiit  of  Iw, 

Dails  gage  hright.  i»/tel.  «/  Uinta  River  at  Ouray  Selwoi,  Utah.farlSOt 


-' 

June. 

Jnly. 

A»«. 

SbIA 

OoL 

«v 

an 

-OSi 

0.M 

-a 

t 

IM 

.H 

<r  Ueri'iiiUT  II. 


LAKE  CREEK,  UTAH,  SEAK  MOl^TH. 

This  stream  has  its  souivo  on  the  simtiuTii  slope  iif  the  I 
Houiitains,  and  drains  an  area  iiumeil lately  to  the  west  of  the  \ 
of  Uinta  River.  It  empties  into  DucheMne  Kiver  alwiit  S  miles  a 
the  bridge  over  the  latter  stream  oi»  the  stage  road  fi-om  Fort  Duel) 
to  Price.  The  permaneut  gage  rod  eonsisis  of  a  l-inch  by  4-iue 
8-foot  board  nailed  vertically  to  tho  west  abutment  on  the  lower 
of  the  wagon  bridge  near  the  month  of  the  creek.     Bench  mark 


UTAH. 


373 


lisa20-penny  wire  nail  in  the  abutment  opixwite  the  -i.^O-foot  mark 
UD  the  gage.  Bench  mark  No.  2  is  directly  over  tho  ga^e  nnl,  ami 
is  the  head  of  a  wire  nail  in  the  southwest  <*orn«*r  of  t\w  bridge 
apright.  Its  elevation  is  5,0GC.58  feet  above  sea  level ;  the  elevation  of 
the  zero  of  the  rod  is  5,055.00  feet  above  sea  level.  The  channel  of  the 
river  has  a  sharp  Iwnd  about  100  feet  above  the  bridge,  but  is  st  raighl 
for  about  600  feet  below  it.  The  be<l  is  composed  of  me<lium-sizcH.i 
cobblestones,  and  forms  a  fair  section.  During  AckkI  stag<*s  measun*- 
ments  are  made  from  the  bridge,  but  at  other  periods  th<»y  an*  made 
b?  wading  at  a  point  about  400  feet  b<4ow  it. 

Lake  Creek  is  forme<l  by  the  junction  of  an  east  and  a  wi»st  fork 
•bout  25  miles  above  its  mouth.  During  IlKX)  the  following  mejisuro 
mtTits  wi^re  made  of  these  forks  and  of  the  main  stream  a  short  dis- 
tant l)elow  tlie  junction : 

Mi»*eUaneowi  disclutrqe  measurements  of  Lftke  Creek  and  its  trihutarie.^. 


Date. 


IWO. 
Aan«tO... 

Do;/.*;; 

Aan»tl4. 

Do;;;;;; 


Stream. 


TxM?ality. 


,  Gage         Dis- 
;tacit(iit.   charK(>. 


West  Fork. . . 
East  Fork.... 
Lake  Creek . . 
West  Fork... 
East  Fork.... 
Lake  Creek.. 


Above  month 

do 

One-half  mile  below  junction  of  forks 

Above  mouth 

do 

One-half  mile  below  junction  of  forkH. 


Feft. 

Scr../t. 

1.4U 

U8 

2.10 

113 

2.67 

'Mt 

i.aj  j 

m 

1.94 

87 

2.4U  1 

IflS 

During  1000  the  following  measurements  of  the  discharge  at  the 
main  .station,  near  the  mouth  of  the  creek,  were  made  ])y  V.  T.  Prall 
ami  others: 

Disduirge  nieaMurements  of  Lake  Creeky  Utah,  near  mouth. 


Date. 


Gaee        DIh- 
height.'  charge. 


Dat«\ 


Gage         DiH- 


'heig 


rht.    i- 


barge. 


inJya 

JnlylB 

Aopists 

Aoguttta  ... 
^5«Mt31.... 
2n»tember  7 . 
*pteinber  14 


ItfUO. 


Fet^t.   , 
3.40  I 
3.  OH 
l.tfO 

l.HH  , 

i.m  ■ 
l.«»  I 

l.W  I 


.sv< 


25b 
VM 
lOll 

W 

W) 

101 

IS) 


Octolicr  4 

0(rt<»l>i*r  :J1 

Noveinl)erH 

Novell! l>er  ir» 

NovHm>»er23   

Decern] )er  0 

De<:emlH!r  Vi 

De<*eml)er  2«> 


Ftet. 
2.  (If) 
l.J»r. 
1.95 

\.m 

«»2. 10 
ri2.;fcJ 

n2.:* 

n2. 10 


Sec. -ft. 
133 
1(C! 
105 

lie 
i:» 

148 
121 
1U3 


rf  Gage  height  doubtful  on  iw.'<''>unt  of  irt«. 


DUCHESNE    RIVER   AT   PRICK   ROAD    BRIlXiK,  I'TAH. 

This  Station,  estal)lishc<l  by  C.  C.  Hahb  ou  O^'tohcr  20,  IS'J'J,  is  3 
^iles  ))elow  the  mouth  of  Lake  Creek,  at  the  higliway  ])ridge  on  the 
stage  road  from  Price  to  Fort  Duchesne.  It  is  described  in  Water- 
supply  Paper  No.  37,  page  '291.  Results  of  measui-enuMits  for  ISDO 
^11  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  pages  :}22, 
,  and  325. 

IRR  50—01 ♦> 


h4         nfKKATIO.Vrt    AT    KIVER   STATIOSS,   IWXI. — I'ABT    IV.        1* 

Twice  during  tl)c  year  IliOO  C.  T.  Prall  measured  the  main  riv* 
the  ford  immediately  above  the  luoutb  uf  Strawberry  Cre^k.  or  iil 
£3  miles  above  the  main  ntalion,  with  the  following  restilts: 

Ijeptember  tO:  Ua^lieiglit,  2.10  teet;  dischaijire,  316  Mcoud-ftvt. 
I  October  r>:  Ga^beiKbt,  2.11  teet:  iliaiihurge.  232  aeooad-feet. 

Mr.  I*rall  also  made  two  measui'eiiieut»>  ul'  tlie  flow  of  Siniwb 
Creek  a  short  distanee  from  Us  mouth  and  one-fourth  of  h  mile  h< 
the  mouth  of  Indian  Creek,  with  thi-  followinji  results: 

Se|iteuib«r  I.'i:  OiHcharge,  84  aoL'oud-reet. 

dt'tober  ■>:  (iage  height.  1.30  leet:  discharge.  IrJ  eecond'feet. 

B  During  litL"!  the  following  measureniealNal  the  main  gat^iu^  sIh 

H^K  made  by  and  Mr.  Prall  and  others: 

B      Dtteliartie  Hwowiwment*  c/  DurlH^4'ie  Rmrrat  /Yire  road  bridgr.  Utah. 
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ORBBN  RIVER  DRAINAGE  JS  COLORADO. 

,  XoHtations  are  maintainefl  in  C-olorndo  uihhi  (Treeii  River  or  any 
of  its  tributaries,  but  in  Noveml)er,  IIMX),  a  short  trip  was  nia<ie  into 
the  basin,  and  a  number  of  gagings  wen*  nia<le,  the  results  of  which 
are  ^ven  in  the  following  table : 

Miscettaneow*  discharge  medsurementn  in  north wentern  Cohtrndo. 


Date.  Stream.  Locality.  Hydn>Kraiih«*r. 


chartr**. 


5oTember5 Yampa  Rirer '  Ooiff A.L.Fcllows.   .  ya 

Xorembere Willfama  River Hamilton <lo Xt 

Do Axial  River Axial do 

Xorember  i Yampa  River . 

Noremberl do 


.» 

Thornburg  Bridge do :t£i 

Lily  Park do :JT1 

Do Snake  River , do do •« 

NoT«nber7 White  River Meeker I do :2»4 

!)•) Piriaoce  Creek Whit*- River  City  do.      ...  I'J 

Xorembertf WhiteRiver Rantrely ;..  ..do 4i:{ 


GRAND   RIVKK,    COLORADO. 

Tills  Stream  is  the  largest  in  Colorado,  an<l  drains  a  greater  portion 
of  the  State  than  any  other  river.  It  rises  in  the  uorth-<'entral  part 
of  the  State,  in  Middle  Park,  and  drains  th*»  mountainous  country  on 
the  west  side  of  the  Front  Range  and  on  the  south  sidt*  of  tht»  Conti- 
nental Divide,  the  river  and  its  tributaries  flowing  through  mountain- 
ous tracts  at  their  heads,  and  thence  through  canyons  an<l  bi'oken 
eountry  throughout  the  rest  of  t hei r  cours<\s.  Tpon  most  of  t  h<*  streams 
little  irrigation  has  been  practice<l,  except  along  the  valleys  immedi- 
ately contiguous  to  the  channels.  The  iriicompahgre,  howev(»r,  is  an 
exc-eption,  practically  all  of  the  water  of  that  stream  having  been 
diverted  and  uscmI  in  irrigating  tin*  tablelands  of  \ho  Uncompahgre 
Valley.  Dolores  River  also  furnishes  a  notable  <»xc(»ptioM,  its  waters 
being  carried  through  the  divi<le  IxMween  tlir  (Trand  aii<l  San  Juan 
drahiage  basins  and  used  to  irrigate  laii(i>  lying  in  th<»  latter  drain- 
age.  Owing  to  the  c<miparatively  small  amount  of  lainl  that  has  been 
irrigated  along  <4rand  River,  only  a  small  fraction  of  the  water  in 
this  division  has  been  us<hI;  but  a  number  of  projects  have  been 
devised  for  the  construction  of  large  canals  to  carry  tin*  watcM'  to  the 
fertile  benches  lying  along  tin*  various  streams,  and  in  the  case  of 
<»unnison  River  there  is  a  project  to  <'arrv  its  waters  through  the 
divide  for  the  pur[K>se  of  irrigating  lauds  in  Uncompahgre  VaUey. 

(iRANI)   RIVER   AT   (iLENWOOI)   SI»KIN(iS,  COLoHADo. 

This  station  was  first  located  May  li\  IS'.i'J,  at  the  recjuest  of  the 
Denver  and  Rio  Grande  Railroad  Company,  at  th(»  railroad  bri<lge  a 
<iuai1er  of  a  mile  west  of  the  depot  ami  just  above  the*  mouth  of  Roar- 
iiig  Kork.  A  wire  gage  was  us(hI.  At  the  beginning  of  IImm),  how- 
♦*ver,  a  new  gage  nxl  was  l(H*attMi  near  the  eh»ctri<'-light  works  of  the 
Colorado  Hotel.  Measurements  are  made  from  the  wagon  bridge 
ernssing  the  river  between  the  town  and  the  hoUA.    'Y\\v?  e\\vv\\wvA.S»» 


PTfi  nPKRATIONS    AT    RIVER   STATluNW,   I'JOO. PAliT    ^^| 

il,  being  eomposoil  of  gravt-l  ami  rw-k,  and  does  iiol  chang*  a 
le  hank»  aif  hit;h  and  not  Hu)jj<;<ct  to  overflow.  6ag<>  rt-adinge 
ikpn  diiriug  only  the  higli-wat*r  swison  of  1899,  being  disuonti 
'Une  17.     They  w«re  resiimt-d,  however,  on  Jauuurj'  I,  1900,  a 

Ntation. 

During  liiuo  Koaring  Fork  wa«  measared  l  wi<'e  at  (ilenwood  Sprii 
first  time  on  July  8,  when  the  disoharge  was  1.570  secoDd-feet 
second  time  nn  Angiist  2:1,  when  the  discharge  wa«  423  wcond 
A  description  of  the  Glenwood  Springs  statiou  was  publishi 
Supply  Pajxir  No.  37,  page  293.     Dnring  WM  the  folio 
^easuremeiitH  iif  (irand  River  were  made  by  A.  L.  Fellows: 
Much  IB;  Gage  height,  3.80  leet:  discharge,  1,140  seoondreet. 
Jnly  H:  QaRS  height,  .'t.40  feat:  discbarge.  3.T64  eeeond-feei. 
August  3S:  Onge  height,  3.80  feet:  dlH-harga,  l,08ti  aecoiid-fe«t. 

faiiygagf  height, in  feet. I'/  Gmud  Rivei'tit  Glentcood  Springn.ColoraiitKf-'t 
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GRAND   RIVER  AT  GRAND  JUNCTION,   COLORADO. 

This  station,  established  October  18,  1894,  is  at  the  wagon  b 
across  the  river  near  the  pump  hoiiHe  of  the  city  waterworks  at  G 
Junction  and  a  abort  distance  above  the  mouth  of  Gunnison  B 
The  river  at  this  point  discharges  through  two  channels,  and  an 
is  kept  of  the  discharge  in  each  chaunel,  requiring  separate  disci 
measurements.  During  the  last  four  years  the  greater  part  o 
water  has  run  through  the  left  channel,  andiluring  the  year  1900' 
was  a  flow  through  the  right  channel  for  a  .short  time  only. 
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led  No.  1  is  attached  to  the  south  eiul  uf  th<-  wagon  bridge  <-ruH»iiig  the 
liver  soath  of  the  town.  Gage  rod  No.  2  connintn  of  a  wire  and  weight 
fMeoed  to  the  upper  side  of  the  bridge  over  ttie  left  cliannel.  I'he 
duDnel  is  sandy  and  «hifting,  and  the  di.icharge  must,  therefoiv,  \>e 
roDsidered  approxiTDat«.  During  1900  no  iiieasnrpments  wen'  made 
in  the  right  channel  and  only  two  measurements  were  made  in  the 
leftchannel.  Owing  to  the  few  measurements  made  and  to  the  shift- 
ing of  the  channel  no  rating  table  was  possible.  \V.  II.  Smith,  of 
Onnd  Junction,  made  the  reports  throughout  the  year.  A  descrip- 
tioD  of  the  station  was  published  in  Water-Supply  Paper  No.  .'(7,  page 
iiH.  The  results  of  measurementa  for  1SH9  will  be  found  in  the 
Twenu'-first  Annual  Report,  Part  IV,  page  I'.si.  Durinfr  liHK)  the 
(ollowiug  me«suremenf.s  were  made  by  A.  L.  Fellows  at  rod  No.  l': 

March  'iO:  Gage  height,  4,19  feet;  discharge.  1,7ft:i  secnnd-feet. 

July  7:  Gage  he^bt,  3.80  feet;  discharge,  0,177  aucond-feet. 
M^gngi  height,  in  feet,  of  Grand  Riivral  di-aml  Jmiel!,,,,.  Col<,r,i.l.,./i,r  V.-o. 
[Rofl  No.  l-r<|tht  i-luiiuel.  | 
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GUXMSON    RIVER    AT    loLA,    COLdt 
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Uiii]uij«)ii  River,  the  largest  Lributaiy  uf  the  Grauil  in  ColoM 

TBes  ill  the  south-tie  ntral  jiart  of  the  State,  in  the  Saguache  MonnU 

tnd  the  C'cx:hetj>piv  Hills,  and  flows  in  a  westerly  direction,  empra 

Binti)  (Trand  River  near  the  western  hoiindary  of  the  Statf ,  a  short  ^ 

Ktonc;«j  south  of  Grand  Junction.     Comparatively  little  of  the  waM 

KfiSE^  fur  irrigation,  but  a  canal  line  has  iH-en  surveyed  with  a  vie^j 

Jting  the  water  from  the  river  and  can-ying  it  t/i  the  valley  ait 

tincompahgre.     It  was  for  the  purimse  of  determining  tlie  amouol 

•ater  available  for  this  project  that  the  lola  station  was  estAhlisI 

■JD  March,    I'M').     The  rod  is  at  a  wagon  bridge  which  cros»e«  i 

jriver  alxxit  a  (|nart«r  of  a  mile  alKive  the  Denver  and  Rio  Grai 

!ailroail  station  at  lola.     It  consists  of  a  piece  of  2'iuch  by  4-il 

j^inber  fastened  to  the  downstream  side  of  the  second  pier  of  i 

^idge  fnnn  the  south  end,  the  zero  of  the  rod  being  7.43  feet  bej 

toie  bench  mark — a  spike  in  the  Imse  of  an  old  post  iO  feet  soniJi 

Etthe  southern  end  of  the  bridge,  on  the  west  side  of  the  road.    1 

KQliief  value  of  the  station  is  with  reference  to  determining  th«  amot 

I  of  water  available  for  the  proposeil  canal  to  the  Unco m pah gre  VuHj 

l^though,  owing  to  the  fact  that  a  number  of  streams  enter  the  (itt 

hnisoh  )>elnw  the  stMtiun,  the  results  obtained  do  not  show  the  toj 

f*inonnt  available.     The  channel  at  this  place  is  wide,  and  th<'  U 

Lbeing  of  gi-avel  and  bowlders  is  not  particularly  susceptible  to  ehMol 

_fThe   lianks,  although  not  high,  are  not  subject  to  overflow,    "a 

observer  is  A!  Pomel,  postmaster  at  lola,  wbo  t'elegraptiB  the  gn 

height  daily  to  the  local  forecast  official  of  the  United  Stat«s  Weath 

Bureau  at  Denver,  who  has  it  print<^d  in  the  morning  pa^iers. 

The  station  on  Gunnison  River  previously  maintained  at  Grai 
Junction  was  not  continued  during  the  year  1900,  for  the  rea* 
that  during  high  stages  of  Grand  River  the  water  backs  up  Guniiiw 
River  considerablj'  above  the  point  where  the  gage  i-od  is  loeat'e 
seriously  aflfeeting  the  gage  remliugs.  'J'wo  measurements  were  mw 
there,  however,  the  first  on  March  2i),  when,  with  a  gage  height 
2.60  feet,  the  discharge  was  1,477  second-feet,  and  the  second  onJn 
7,  when,  with  a  gage  height  of  2.90  feet,  the  discharge  was  2,1: 
second-feet. 

During  1900  the  following  measurements  were  made  at  the  lo 
station  by  A.  L.  Fellows: 

May  3:  Qage  beigbt.  3  feet;  clischar^,  1,372  second-feeL 
Jnne  38:  Qage  height,  ^.40  feet;  discharge,  I,6o8  second-feet. 
Jnly  5:  Oage  height.  3.90  feet;  discharge,  1,109  second-feet. 
AngOBt  0:  Oage  height,  2.20  feet;  discbarge.  481  second-feet. 
Angaat  3'i:  Qage  height,  2,10  feet;  diacharge,  392  second-feeL 
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Doiiy  gfig^  height,  in  feet,  of  Gunniaon  River  at  Tola,  Colorado,  for  IffW, 
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UXCOMPAHGRE  RIVER   AT  MONTROSE,    COLORADO. 

Uneoinpahgre  River  has  its  source  in  Ouray  County,  in  the  high 
peaks  of  southwestern  Colorado,  and  flows  northwesterly,  entering 
Gunnison  River  at  Delta.  The  upi)er  portion  of  its  drainage;  basin  is 
mountainous,  but  proceeding  downstivani  the  country  tecoines  more 
rolling,  and  irrigation  is  possible  along  the  valleys  and  adjacent  mesas. 
In  the  vicinity  of  Montrose  a  numl)erof  canals  divert  nearly  all  of  the 
normal  flow  of  the  Uncompahgre,  and  if  further  irrigation  is  to  l)e 
had  in  the  district  recourse  must  be  had  to  storage  or  to  a  diversion 
of  the  waters  of  Gunnison  River. 

The  Fort  Crawford  station  on  the  Uncompahgre,  previously  main- 
tained, was  not  kept  up  during  the  year  lOOo,  owing  to  the  extremely 
shifting  character  of  the  channel  at  that  place,  and  instead  the  sta- 
tion at  Montrose  was  established  in  the  fall  of  1890,  no  re(»ords  being 
kept,  however,  until  the  spring  of  1000.  During  the  greater  portion 
of  the  year  there  is  little  water  at  Montrose,  the  canals  above  divc^rt- 
iiig  most  of  the  flow.  The  station  is  at  t  he  ])ridge  which  crosses  the 
river  opposite  the  town,  about  a  half  miht  from  th<»  depot  of  the  Denver 
*in<l  Rio  Grande  Railroacl.  The  rod  consists  of  a  1-inch  by  4-inch 
^ard  nailed  to  the  inside  of  the  pier  just  a])ov(»  the  bridge.  The 
<^haunel  being  of  gravel  and  bowldei*s  is  favorable  to  ol^taining  accu- 
^^  measurements,  not  ])eing  suscepti])le  to  (»hange.  The  banks  are 
^jsh  and  are  not  subject  to  overflow.  Re(;oi*ds  were  kept  for  a  short 
wttie  only,  as  there  was  little  water  during  the  greater  part  of  the  irri- 
^^^ion  season  of  1900.      The  observer  was  Mv.  NV.  V^.  0\>^t\i^  viwsi- 
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missioiier  of  the  Montrose  wat-er  distriel.  The  records  were  discon- 
tinued .Inly  7,  1900.  Duriu|^  the  year  the  following  niea^uremento 
were  made  by  A.  L.  Fellows: 

July  5:  Qage  height,  1.80  feet;  discharge.  150  second-feet. 
August  10:  Gage  height,  0.50  foot;  discharge,  2  second -feet. 

Daily  yaye  height j  in  feet,  of  VucomjMihffre  IHrer  at  Mntitrtwe^  Colorado,  far  1(^00, 
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2.25 

3.a-i 

2.3(» 
3.10 
3.00 
l.»l 
1.8.'> 


2.;5 

3.IJ0 
3.»!0 
2.40 
2  50 
2.:i5 
2.:J0 
2.10 


2:^ 
34 
35 
30 
37 


I .... .     .Si 

30 

I ;«) 


l.JIH 
1.10 

l.uo 

.05 
1.(1) 
1.10 
1.15 


3.05 
3.  .10 
3. 511 
3..V1 
3. 75 
3.«0 
2.85 


2.») 
2.05 
3.55 
2.40 
3.«k-> 
1.70 
1.05 
l.rai 


1.00  1 1  31 ' 2.80 

1.75' M 

l.«o   ' 


DOLORES  RIVKK  AT  DOLORES,  COLORADO. 


This  river  is  the  last  important  lril)utary  of  (4rand  Kiver.  It  rises 
in  the  La  Plata  and  San  Miguel  mountains,  the  highest  peak  of  which, 
Mount  Wilson,  attains  an  elevation  of  more  than  14,0(K)  feet.  For 
about  50  miles  its  course  is  southwesterly;  it  then  turns  and  flows  in 
an  almost  due  north  dire<rtion  for  nearly  100  miles;  then  turns  to  the 
west  and  entenj  Graml  Kiver  after  passing  into  Utah.  Throughout 
the  greatiM"  part  of  its  course  the  river  Hows  through  natural  canyons, 
andcomparatively  little  irrigation  is  practiced  along  the  sti-eain  itself, 
exc(*[)t  at  Dolon^s,  \vh(»n*  for  about  4(»  miles  tin*  valley  widens  to  from 
a  lialf  miU'to  a  mil«\aii(l  a  iiuinberof  ranches  aiv  cult ivate<l.  I>yl'ar 
the  gr<'at«*r  part  of  tlu*  waters  of  the  river,  however,  i.s  u.*^<m1  in  the  San 
.luan  watershed,  beiii^  div<M'te<l  by  means  of  a  tuimel  and  a  givat 
eut  in  Monte/nma  N'allev.  The  head  <:ates()f  the  eanals  earrviiiii:  this 
wal<M*  are  about  -  miles  west  of  thr  town  of  l)olor«\s.  'i'he  ira«j:in<r 
station  is  abov(»  tin*  head  ^ati»s,  and  about  a  half  mih*  above  tlu»  Colo- 
rado Southern  Railroa<l  station  at  I)olor«»>.  'i'he  ua^e  rod  consists  of 
avei'tieal  ])lank  altachecl  to  the  left  abutment  of  tin*  fool bi-idi::e  cross- 
ing tin*  river.  The  cliaiinel  is  not  subject  to  chanm*,  and  tin*  i'«*sults 
obtain(*d  ai'c*  exc(*llent.  The  bed  of  theslivam  is  composed  of  small 
stones  and  gravel,  and  tin*  banks  arr  high  and  do  not  overtlow.  '['In- 
observer  is  Mrs.  M.  1).  Smith,  of  Dolores.  A  description  of  the  sta- 
tion was  published  in  \Va1(*r-Snpply  l*ajM*i'  No.  .'is,  i)ag«'  ^••».">.  The 
I'esults  of  measurements  foi-  ]S!H)  will  br  found  in  the  T\v(*ntv-ti!'st 
Annual  I{ej)ort,  Part  1\',  ])age  i'sl\  Durin^i  1'.mh>  th<*  following  meas- 
urements \v<M'«*  madr  bv  A.  b.   Follows: 

March  'J-t:  (4ag(*  hei.:::ht,  '^.l^J  feet:  (li.<char;^c.  1  1.")  sec()ii<l-fe«^t. 
Mrtv  5:  (tu^**  lunglit.  0.1)0  feet:  di.schar.ire,  TOT  second- feet. 
Jmie  '.*T:  (iiige  hei^'ht,  :».*J~)  feet:  discluirij:e,  .'{^i*  secoiul-fet^t. 
Au'.^u.st  11:  (rage  hei«;ht,  '-*.♦)•»  feet:  discharire.  .Jl  secoml-feet 


OOLOBADO. 


381 


ly  g€Lge  height,  in  feet,  of  Dolores  Rivfer  at  Dolores,  Colorado,  for  190(f, 


i>*y 


Jan.    Feb. 


3.10 

3.10 

3.10 

3.10  , 

3.10  ' 

3.10 

3. 10 

3.10 

3. 10 

3. 10 

3.10 

3.10 

3.10  I 

3. 10 

3.10 

3. 10 

3.10 

3.10 

3.10  ' 

3. 10 

3.tlO 

3. 00 

3.00 

3.00 

3.00 

3.00 

3.ori 

3.  (JO 
3.00 
3.00 
3.00 


3.00 
2.90 
3.90 
2.90 
3.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.  HO 
2.«) 
2.  HO 
2.  HO 
2.  SO 
2.80 
2.80 
2.80 
2.80 
2.  HO 


Mar.  Apr.  May. 


2.80  I 

2.80 

2.75  I 

2.70 

2.70  I 

2.70 

2.00 

2.00 

2.7.5  : 

2.75 

2.75  I 

2.75  ' 

2.85  I 

2.85 

2.85  ! 

2.95 

2.95 

3.05 

2.95 

2.95  I 

2.95 

2.95 

2.90 

2.90 

2.90 

2.90 

2.9t) 

2.85 

2.80 

2.90 

2.95 


2.95 
3.15 
3.00 
2.95 
3.10 
3.15 
3.05 
3.00 
2.95 
2.Hl> 
2.90 
2.90 
2.85 
2.85 
8. 00 
;}.  II) 
3. 10 
3.2f» 
3.25 
3.40 

o.  .'V> 

3. 150 
3.60 
3.45 
3.40 
3.40 
3.45 
3.50 
3.45 
3.44) 


3.50 
3.55 
3.50 
3  01) 
4.05 
3.95 
4.15 
4.15 
4.40 
4.45 
4.75 
4.91) 
4.05 
4.55 
4.05 
4.H5 
5.00 
5. 05 
5.(fi 


June.iJuly.  Auij.  Sept.!  Oct.  |  Nov.,  Dw 


4.90 
4.75 
4.70 


50 

;j5 

25 


4. 
4. 
4. 
4. 


MO 
45 
70 
H5 
4. 1)5 
5.00 
4.90 
4.95 
.5.00 
5.<J5 
4.95 
5.00 


4. 
4. 
4. 
4. 

4. 
4.21) 
4. 15 
4.  li) 
4.(N) 
3.95 
3.% 
3.90 
W.  HO 
3.  K*) 
3.  K5 
3.H5 
3.W) 
•J.  <r) 

3.05 
3.50 
3.  H) 
3. 50 
3.4^) 
3.30 
3.25 
3.20 
3.21) 


3.10 
3.10 
3.05 
3.00 
3.00 
2.90 
2.90 
2.80 
2.  HO 
2.  HO 
2.  HO 
2.N) 
2.  HO 
2.  HO 
2.  HO 
2.70 
70 
70 
70 
70 
70 
70 
70 
2.  HO 
2.«) 
2.ti0 
2.60 
2.rtO 
2.00 
2.00 
2.00 


2.60 
2.(iO 
2.00 
2.d0 
2.00 
2.  (JO 
2.  (JO 
2.00 
2.  (JO 
2.00 
2.  (JO 
2.00 
2.50 
2.  .50 

2.50 
2.5f) 
2.50 
2.tiO 
2.  (iO 
2.55 
2. 50 
2. 50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.45 


2.50 
2.50 
2.(i0 
2.00 
2.  (Jo 
2.70 
2.85 
3. 10 
3.00 
2.  or) 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2. 70 
2.70 
2.70 
2.  (JO 
2.  (JO 

2.  m 

2.(J5 
2.ft'> 
3. 15 

2.a-> 

2.85 

•>  (Ml 
•r.  (X> 

2.80 
2.80 


I 


2.80 
2.  HO 
2.70 
2.70 
2.80 
2.90 
2.85 
2.  HO 
2.  HO 
2.  HO 
2.80 
2.  HO 
2.  HO 
2.  HO 
2.  HO 
2.  HO 
2.80 
2.  HO 
2.  HO 
2.90 
2.  HO 
2.  HO 
2.  HO 
2.  HO 
2.  HO 
2.  HO 
2.  HO 
2.80 
2.  HO 
2.  HO 
2.  HO 


2.  HO  I 
2.80  I 
2.  HO  I 
2.  HO 
2.  HO  ■ 
2.80 
2.70 
2.70 
2.(10 
2.()0  , 
2.  (JO  ' 
2.»J0 
2.  (JO  , 
2.  (JO 
2. 70 
2,75 
2.  HO 
2.90 
3.O0  ' 
3.10 
3. 10 
2.J«5 
2.H5 
2.  HO 
2.70 
2.  70 
2.  HO 
2.  HO 

2.90 ; 

3.00  I 


(;3.0:'i 
3. 10 
3.10 
3.20 
3.20 
3.:15 
3.:» 

3.25 

3.ik5 

3.10 

3. 15 

3. 15 

3. 15 

3. 15 

3.40 

3. 15 

3.05 

3.05 

2.95 

2.05 

2.  JIO 

2.  N-i 

3. 00 

a  3. 00 

a  .'J.  00 

it'.\.\%\ 

ail.OO 

ff  3.110 

<f3.00 

(I  3.10 

((IJ.OO 


a  Eiitimated. 


SAN  JUAN   RIVER. 


Q  Juan  River  rises  in  the  San  Juan  Mountains,  the  small  streams 
le  head  flowing  westerly,  the  opposite  of  the  direction  taken  by 
>ranehes  of  the  Conejos.  The  country  is  generally  mountainous 
njugh,  and  but  little  irrigation  is  praetieed  along  the  river, 
pt  in  the  l)ottom  lands  adjacent  to  the  channel.  The  stream 
>  a  short  distance  through  Colorado  and  then  enters  Xew  M<»xic(), 
ugh  which  TeiTitory  it  flows  for  about  KM)  miles,  then  crosses  the 
liwest  corner  of  Colorado  again,  and  flows  through  Utah  to  its 
tion  with  the  Colorado  at  Henry  Mountain.  Th(»  j)rincipal  trihu- 
?*  flowing  from  Colorado  into  this  river  are  the  Piedra,  Los  I^iiios, 
ida,  Animas,  La  Plata,  and  Mancos  rivers,  all  of  which  flow 
ugh  comparatively  natural  valleys,  crossing  the  line  into  New 
ieo  before  they  unite  with  the  San  Juan.  A  large  portion  of 
country  remained  a  part  of  th<»  Southern  Tte  Indian  Kes<M-vation 
i  1899,  when  the  western  half  of  that  reservation  was  thrown  open 
tllement,  and  a  number  of  tracts  liavi*  been  taken.  A  v<m*v  con- 
•able  portion  of  the  mo.st  d(»sirable  lands,  however,  were  tak«*n 
le  Indians  in  severalty.  There  are  a  number  of  (»xcell(*nt  mesas 
<xi  farming  land  which  will  without  doubt  e\"(Mitually  l)e  irrigated; 
mber  of  surveys  have  already  been  made  of  canal  lines  to  cover 
?  tracts,  which  will  be  pushed  to  a  speedy  conclusion. 
le  only  stations  maintained  in  this  basin  in  19U()  are  at  Ignacio 
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on  Los  Piiios  River,  at  Duraiigo  on  Animals  River,  and  at  Mancos^''' 
Mancos  River,  the  stations  at  Arboles  on  the  San  Juan  and  the 
(Grande  and  at  Durango  on  Florida  River  l>eing  abandoned, 
objects  having  l>een  a(*eoinplished. 

LOS   PTNCJS   RIVER   AT    IGNACIO,    COLORADO. 

This  stream  derives  its  supply  from  the  western  end  of  the 
Juan  Mountains  and  f I'om  the  southern  slope  of  the  Needle  Moun 
in  Colorado.     It  flows  in  a  southerly  direction  for  alx)Ut  50  mi 
crossing  the  Colorado  line  about  5  miles  south  of  La  Boca,  on 
Denver  and  Rio  Grande  Railroad.     The  valley  is  generally 
than  the  valleys  of  the  Pie<lra  and  the  San  Juan,  and  more  irrigati 
is  practi(*ed  along  the  lH)r<leT's  of  the  stream.     Several  (TOvemnK 
canals  have  l)een  constructed  for  the  benefit  of  the  Indians  located 
the  bottom  lands.     A  number  of  irrigation  canals  have  been  proj 
and  surveys  made  for  the  puri)ose  of  taking  out  water  ui>on  the  i 
cent  benches.     The  station  was  (established  April  l*i\   1899,  at 
request  of  th(»  Commissioner  of  Indian  Affairs,  for  the  purpose 
as(*ertaining  the  (juantity  of  water  available  for  irrigation  along 
stream.     IJnfortuimtely,  i*ecords  have  not  been   sent   in   i"egu 
The  gage  rod  is  fastened  to  the  middle  i)ier  of  the  bridge  crossing 
river  at  Ignacio,  th(»  subagency  of  the  Southern  Vie  Indian  Rese: 
tion,  2  miles  south  of  the  station  of  the  Denver  and  Rio  Grande 
road.     The  channel  is  fairly  stable,  being  of  gravel  and  bowlders, 
has  suffered  litth^  change  since  the  station  was  establishe<i.     The 
is  H  v(M*tical  L^-incli  hy  4-iiich  liinlxT  !<»  t'cct  long,  spiked  lo  the  bridge, 
the  marks  being  stri])s  of  l>i'ass  ^c(•ln•oly  nailed   to  the  post.     The 
H-foot.  mark  on  the  gag<»  rod   is  level  with  the  top  of  th«*  lower  end  ol 
a  ♦•-inch  ])y  s-incli  timber  protruding  from  tlu*  downstream  side  of 
the  pier  on  tho  riglit-liand   si<h*.     'i'ho  l)anks,  although  not  hiufh,  ar© 
not  snbje<*t  to  overflow.     The  station    is  an  important  one,  as  all  of 
the   wat«M's   of   the   stream   will    undoul)t<Mlly  be   used    for   irrigation 
bt'fort'  many  yt'ai's.     Ahvady  larg<'  i-escrvoirs  are  contemplated  neat" 
the  head  of  the  i-ivei",  wlieri*  there  are  a  iunnb(*r  of  beautiful  lak«*i?- 
'i'he  ol)server  is  the  clerk  at  the  agency.      A  description  of  the  statioO 
was  published  in  Waler-Sup})ly  Paper  No.  .{s,  page  :>oi).     The  results- 
of  measurements  for  lS'j<t  will   Ix'  found   in  the  Twentv-hi'st  Auinij*'! 
H(*j)ort,  Part  IV,  i)ag(»  '2[i\K      During  P.mm)  the  following  measurement^ 
Wen'  made  bv  A.  L.  Fellows: 

March  'JO:  Gage  height.  2.00  feet;  discharge,  1'5T  second-feet. 
May  S:  Gage  height,  'S.'yO  feet;  discharge,  0()4  second-feet. 
August  14:  (Tage  height,  2  feet;  discharge,  25  second-feet. 
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ga^ge  height^  in  feet,  of  Los  Pinos  River  at  Ignacio,  Colorado^  for  1900, 


JWD. 


2.50 
2.  SO 

2.Q0 

2.50 

S.45 

2.40 

S.50 

S.50 

S.60 

2.50 

2.50 

2.45 

2.40 

2.40 

2.40 


Feb.  ,  Mat. 


s.ao 
s.ao 

2.30 
2.30 
2.80 

s.ao 
a.  30 

2.30 
SL30 
2.30 
2.30 
2.3U 
2.30 
2.30 
2.30 
2.30 


2. 
2. 
2. 
2. 
2. 
2. 

mm* 

2. 
2. 

2. 

2. 

2. 
o 

2. 
2. 


30 
30 
80 
80 
30 
30 
80 
80 
30 
30 
30 
35 
40 
50 
50 
50 


Apr.  '  May.   '    Day. 


2.50 
2.G5 
2.65 
2.70 
2.70 
2.70 
2.70 
(a) 


3.85 
4.05 
4.05 
4.15 
4.20 
4.U0 
4.15 
4.% 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
2tt. 
27. 
2K. 
29. 
30. 
31. 


2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 

2.  a) 
2.a» 

2.30 
2.30 
2.30 
2.30 


2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

2.:» 

2.30 
2.:«) 


I 


far. 

Apr. 

May. 

2.60 

4.50 

2.50 

4.55 

2.5() 

4.50 

2.50 

.. ... 

4.25 

2.55 

4.05 

2.00 

3.90 

2.60 

4.00 

2.  (to 

4.70 

2.60 

..••    ...a 

4.60 

2.60 



>        4.90 

2  (to 

2.55 

....         .       -      »      . 

2.50 

2.50 

.•••          .... 

2.50 

1 

a  No  readingB  from  April  8  to  May  h. 


ANIMAS  RIVER  AT  DURANGO,  COLORADO. 

5  Stream  is  the  largest  tributary  of  the  San  Juan,  and  derives  its 
from  the  high  mountains  above  Silverton,  draining  portions  of 
:?edle  and  La  Plata  mountains  in  addition  to  those  at  its  source. 
rs  in  a  southerly  direction  for  about  00  miles,  crossing  the  Colo- 
Line  about  15  miles  south  of  Durango.  Most  of  its  course  is 
gh  a  very  mountainous  country,  but  in  the  vicinity  of  Iferinosa 
lies  from  the  canyon  into  a  broad  valley,  which  is  extensively 
ted.  A  canal  line  has  been  projected  from  the  lower  part  of  the 
n,  for  the  purpose  of  irrigating  lands  in  New  Mexico,  but  the 
has  not  yet  been  finished.  The  station  was  first  established 
20,  1895,  and  has  been  maintaine<i  during  the  greater  part  of 
year  since.  It  is  at  a  wagon  bridge  a  quarter  of  a  mile  west 
B  depot  of  the  Denver  and  Rio  Grande  Railroad.  The  rod,  which 
ertical  piece  of  timl>er  marked  in  feet  ah<l  tenths,  is  fastened  to 
jentral  pier  of  the  bridge.  On  June  25,  VMX),  it  was  checked 
ist  a  bench  mark — a  point  chisele<l  on  the  lower  side  of  the  left- 
abutment  of  the  ])ridge  10.84  feet  above  the  zero  of  the  rod. 
bner  Creek  enters  the  river  from  the  right,  about  100  feet  below 
bridge.  The  channel  at  the  station  is  straight,  the  bed  is  of 
b1  and  bowlders,  and  the  banks  are  sufficiently  high  so  that 
5  is  little  danger  of  overflow.  The  observer  is  C.  G.  Gradeii,  of 
mgo.  A  description  of  the  station  was  j)ublished  in  Water- 
)ly  Paper  No.  38,  page  310.  The  results  of  measurements  for 
will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page 
During  1900  the  following  measurements  were  made  by  A.  L. 
0W8: 

March  26:  Gage  height,  6.60  feet;  discharge,  246  second-feet. 
May  9:  Gage  height,  8.65  feet;  discharge,  1,614  second-feet 
Jnne  25:  Gage  height,  8.80  feet:  discharge,  1,740  second- feet 
Aognst  13:  Gage  height,  6.45  feet;  discharge,  169  second-feet. 
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Daily  gage  height,  in  feet,  of  Animas  Rii'er  at  Durango,  Colorado^  for  1900, 


1 


Day. 


1  Jan.  '  Feb. 


rt.«a  |. 


G.au 


6.40 


rt.oO 


0.3() 


1 

2 

3 

4 

5 

tt 

k 

8 

9 

10 

11 

12 

W  6.4()    

H , 

15 i 

Irt H.50  ' 

17 '  6.:ii> 

It* , 

19 , 

20 e.w  I 

21 

22 1 

23 6.40  ! 

34 i  6.21) 

26 

36 

27 

28 

20 

30 

ai"!^!!!-]!!!!!!^!!!! 


Mar.  Apr.     May.     June.    July.  Aug. 


I 


I  6.60 

6.80 

6.20  I  6.811 

;  6.80 

'  6.80 


6.20  I  6.70 

6.«) 

r6.80 

6.80 

K\.?k\     6.70 

6.70 

6.50  6.7n 
6.  .V  li.  70 
6.t»  6.70 
6.60  1  6.70 
6.60  '  6.70 
6.50  I  6.70 
6.tJ0  6.70 
6.60  6.70 
6.70  6.  SO 
6.70  '  6.90 
6. 70  7. 10 
6. 70  '  7. 10 


6. 70  7. 10 

«.»M»  7.10 

6.6()  ,  7.10 

6.30; 6.tJ0  7.10 

6. 70  7. 10 

6..T<)  .  7.20 

6.  .')«>  7. 15 

6.6(>    


I 


7.25 

7.20 
7.20 
7.35  , 
7.75 
7.8(>  I 
7.K5 
8.10  I 
H.55 
9.05  ' 
9.31) 
9.15 
8.95  I 
8.93  ' 
9. 10  I 
9.60 
9.90  I 
10.  15  . 
9.90  ' 
9.  lil) 
9.05  ' 

9.05 ; 

9.65  ' 
10.  .'i() 

9.80 
lO.fG 
10.  ,50 
10.55 
lO..-*) 
10.;*) 
10.  JW 


10.31^     7.70     6.00 

9.95     7.60     6.60 

10.09     7.60     6.50 


Sept.  Oct.   Nov.    Dee. 


6.30  ,  6.60   

6.30  I  6.60    

6.30     6.60     6.6(1 


9.90  7.50  I  6.50     6.40     6.70    

9.70  7.50     6..T0     6.40  6.70     6.50 

9.70  7.31)  I  6.. 50  '  6.40     6.70    

9.85  7.20  I  6.50  I  6..-1O  1... 

9.70  7.10  16.50     6.80  6. 

9.60  7.10     6..50     7.<J0 

9.30  7.10  !  6.50     7.00 


80 


6.50 


8.95  7.10     6. .50  I  6. 9»)  ,  6.70    «.» 

8.70  7.10     6.50  6.80    

8.70  7.00,6.5016.70     6.60    

8.«i  7.(0     6.60,6.60     6.fJ0     6.50    

8.a>  7.00     6.50  I  6.60     6.60    a» 

9.00  6.90     6.5«»  6.60  ' 

9.10  6.90  I  6.40  6.60     6.60     6.» 

8.JK)  6.90     6.40  6.50    .,„  . 

8.70  6.80     6.40  '  6.50    (L« 

8.65  6.80  !  6.40  6.  .50  I  6.60     6.50    

8.65  6.80  I  6.40  '  6.50  ,'  - 

8.tk5  0.80     6.:)0  !  6.  .50  1 

8.65  I  6.70  '  6.31)  ■  6.50 


'6.«  I 


8^70  '  6!7o  ,  6!3o   oiso  [e.fo'fi.W' -"!.*"  i 

8.66     6.70  '  6.31)  I  6.60  1 6.9  J 


8.  .50     6.70  6.;jl)     6.70  I 

8.20  I  6.70  6..^)  I  6.70  '  6.70  '  6..t0 

8.00  1  6.70  6.30     6.60 

7.90     (i.eO  6.30  I  6.50 

7.70     6.60  6.30     6.  .50 

6.60  6.»)  I 


6.50 


«.S0  : 


6.60 


I 


MANC'OS  RIVER  AT   MANCOS,    (  OLORADO. 

This  stream,  an  important  tributary  of  the  San  Juan,  drains  a  po^ 
tion  of  the  southwestern  corner  of  Colorado.  It  rises  on  the  western 
slo])<»  of  the  La  Plata  Mountains,  and  flows  in  a  southwesterly  direc- 
tion, throu^^h  a  niomitaiiious  couiitrs',  foi'  about  \'l  iiiil«*s,  to  the  Man- 
cos  Vallov,  a  bi-oad  and  f«M'til('  tract  irriiratcd  bv  water  taken  fn)m 
the  river,  'i'he  next  1l^  miles  of  its  course  is  tliroutrh  Mancos  N^allcv. 
It  then  <Miters  Mancos  Canyon,  cut  throui^^h  the  Mesa  V(M'<le,  throuirli 
w]ii<'h  it  flows  tor  about  40  niil<^s,  or  to  its  junction  with  t lie  San  Juan. 
Tin*  uoriiial  su])|)ly  of  the  river  is  (\\hauste(i,  but  suthei(Mit  water 
•L?oes  to  waste  in  the  flood  season  I0  irri.i,Mte  all  of  the  availalde  laml 
aloii^^  its  borders. 

Tlie  station  at  .Mancos  was  establi>he(l  April  :»,  l.^'.JS,  for  the  pur- 
po.^e  of  determining  the  amount  of  water  iroin«r  to  waste  durin^r  hitrli- 
water  ])eiMods.  'J'he  rod,  which  i.s  a  --inch  by  t-inch  timber  marked 
in  feet  and  tenths,  is  fastene(l  lo  a  tree  about  1(H)  fe<M  below  the 
waiJ:on  bridge  ci-ossin^"  the  river  in  the  center  of  tin*  town,  'i'he  chan- 
nel is  of  bowldei's  and  irravel,  and  the  banks  are  sntlicientlv  hijrli  so 
that  ihei-e  is  little  danger  of  ov<*rflow.  Durintr  limo  the  bed  of  tin* 
stream  shifte<l  to  such  an  extent  that  a  ralinii  table  for  that  vcar  i> 
impossible,  'i'he  observer  is  Mrs.  \V.  II.  Kelley,  of  Maneo>.  A 
(h'srription  of  thc^  station  was  pnblishe<l  in  Water-Supply  Paper  N«' 
•)S.  paue  \\\'l.  Tin*  n^^uits  of  measui'<'ments  for  ls:»s  ami  I'^iW^  will  be 
fouiul  in  the  Twenty-lir>t  Annual  lie])oi-t.  Tart  \W  pai;e  2S.'>. 
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i>IL.\    KIVEK    -\T   >.\y    *  AKL"^,  .\KlZi«NA. 

This  Station  wa>  *-<:aMi>ht^:  liv  c'.  I .  Hali'^i  mi  Ju-v  *. :.  : <  •  \  i!ii*on- 
X action  with  an  invest itratiun  ••!  Gila  Riwr  w::h  i>'frronrr  To  a  Nup- 
>l3'of  water  for  thi-  <Tila  Riwr  Indian  Ki-srrvaiion  anii  ari^i  '.anil>  in 
•lie  vicinity.  Results  nf  thi>  invest iirat ion  wen*  ]uiMislu»<l  in  Wat«M'- 
Snpply  Pai)er  Xf».  33.  t-ntitleil.  Stonisre  iflT  Water  on  Gila  River.  Ari- 
5^na,  by  J.  B.  Lippineott.  The  siation  is  a  half  niilr  south  o\  the 
tndian  agency  at  San  Carlos,  l^elow  the  mouth  of  Sau  i  arlo>  i'nvk, 
^ml  about  »l  miles  alx>ve  the  pro^K)sed  dam  site.  Ii  is  deserilH'd  in 
%Vater-Supply  Paper  No.  3>i.  pajre  313.  Results  of  nieasui>Mnen(s  for 
IS'.»i»  will  l>e  found  in  the  Twenty-Iii-st  Annual    l^'iHJrt,  l*arl  IW  pajire 
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332.     During  1900  the  following  measurements  of  discharge  werea 
by  Stephen  Janus: 

Discharge  ineasurements  of  OUa  River  at  San  Carlos^  Arisuma, 


Date. 


1900. 


Gage 

Leiffht. 


heig 


I 


Feet. 
1.50 

1. 
1. 
1. 
1. 


Mayl 

May  12 

May  19 ,  1.30 

May2« ...'  1.30 

June  9 1.10 

June  16 1.10 

JunoZ)... a. 25 

June  30 '  a.2r) 

July  7 1  a.  15 

July  U a. 15 

Julv21 '  a. 25 

July  28 a. 30 

August  3 2.50 

Augu<(t  7 ^  0.00 

August  12 a. 30 


DlA-      l| 

charge. 


Sec.' ft. 

7.0 

6.2 

4.0 

2.5 

.8 

1.5 

.9 

.5 

.3 

.3 

.8 

4.7 

320.3 

29.7 

2.3 


Date. 


Gase 

teight. 


heig] 


I 


1900. 


August  18 

August  19 

August  20 

August  26 

September  3.. 
September?.. 

Do 

September  11. 
September  18. 

October  6 

October  25 

November  18 . 
November  20 . 
December  21  . 
December  31 . 


2.25 
2.  SO 
1.80 
1.00 
Lffi 
3.«l 


3.44) 
l.») 
1.30 
1.31) 
.,      l.« 

'    3.a) 

1.65 
.1      1.7.J 


a  Dry  ut  gage;  figures  indicate  depth,  not  gage  height. 
Daily  gage  height,  in  feet,  of  Oila  Riv^r  at  San  Carlos^  Arizona,  for  J9f,v 


Day. 

Apr. 

May. 

I 

1.45 

•> 

1.40 

3 

1.40 

4 

1.50 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.55 
1.5.5 
l.(i() 
1.(50 

I.m 

\.m 

1.40 

5 

1  40 

6. 

1.36 

1  .............•••..•.«  ••..*• 

1.35 

M 

1.30 

9 

1.30 

10 

l.»J 

11    

l.») 

12 

l.:fl» 

13 

!.:») 

14 

i.lV) 

15  

l.»» 

l.i  

i.:«) 

June.  I  July. 


17 

IS. 

i:» 
21 

•J5. 


..I 


fill 

■■'A. 


\.m 

1.40 
1.40 
1  40 
1.40 
1.4i> 
1.40 
1.40 
1.4/> 
1.40  1 

i.r)0  I 
l.'il) 
i.ryi  I 


i.;V) 

l.ItT) 
1 .  .T) 

\.'.\:» 

l.T) 

i.;jo 

l.'JO 

i.:jo 
i.;io 
l.:»i 
i.:v» 
i.:jo 


r 


Aug. 


1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

(«> 
(a) 
( " ) 
I  a ) 

ut) 
iti  t 

<"> 
«a  I 

la* 

iij ) 

yn ) 


(a) 
(a) 
(a) 

(«) 
(a) 
(a) 
(a) 

(a) 
in) 

(«) 
(a) 

(a) 
tat 
{(I ) 
{(t) 
id) 
ut ) 
I  a  ) 
ut ) 
ui) 
[d^ 
la) 
I  a  ) 

ut ) 

ui) 

Ul) 

[(I  t 

Ul  ) 
ut) 

ut ) 


(a) 
(a) 
2.60 

(a) 
(a) 

(a) 

(a) 

(a) 
(a^ 
(a) 
•  a) 
(a) 
(f» » 
un 
i/i ) 
(/I ) 
4.IM) 

:{.;«) 

X*.  00 

\.m 
i.:^o 

1.20 

i.J) 

l.L*0 
1.10 
1.10 

1. 10 

1.10 

1. 10 

1.10 


Sept. 


1.50 
1.05 
1.85 
1.20  I 


3.70 
3.45 
4.95 
4.70 
3.20 
2.60 

-'.:*) 

2. 10 
•J.  00 
1.90 

i.w 

1.75 
1.50 
1.40 
1.40 
1.45 
3. 15 
3. 3.-> 
2.  JiO 
2. 45 
2.20 
I.  So 
l.SO 
1.7(J 


Oct. 


1.60 

1.50 

1.40 

1.35 

1.40 

1.40 

1.50 

1.45 

1.90 

1.30 

1.3r) 

1.20 

l.:io 

l.:>» 

l.:*» 

1.20 

1.2f) 

1.15 

1.10 

l..-)0 

1..J0 
1.40 
1.40 
1.40 

i.;ir, 
l.;jo 

1.30 
1.2.5 
1.25 
1.25 
1.25 


Nov.  I  1 


1.25 
1.25 
1.25 
1.25 
1.25 
1.91 
1.20 
1.15 
1.15 
Mo 
I.JO 

1.  in 
l.ii» 
l.«i» 

1  :.-. 

2.  N'. 
2.  J> 

1  :.) 

1.^V•. 
1  tH) 
l.liO 
1..V. 
l..Vi 
1..V) 

l.V) 

l..» 


(t  River  dry  ;it  jra^jo  itkI. 


SALT    KIVEK    AT    M<  DOWKLL,   ARIZONA. 


'I'lii.^  station,  cslahlishrd   April   i^o,  1S!)7,  is  a   half   iiiiU*  aUt)v»^ 
irmiiili  of  \'(M'd(*   Kiver.     It  is  (l(»s<Til)(Ml   in  \Vat(*r-Sii})ply  Pa|MM- 
')S.  pair<'  ->-!.      Kcsnlts  of  nK^asunMnenls  for  JS'.Mj  will  Ix*  found  ii 
'rwcnty-firsl    Annual    Ucport,   Part    IV,   nap*   ^^sr,.     Th(*   .statitui 
<lisco7it inued  NovcnilMM*  'Ji',  1^!»!»,  and  was  not    ivsumed  tluriiiLr 


ions  will  be  maintAined  here,  however,  during  1901,  in  con- 
ith  an  investigation  of  the  river  with  reference  to  h  water 
r  arid  laiuls  in  the  vicinity. 

VERDE   RIVER   AT  MCDOWELL,    ARIZONA. 

^tion,  etttnhlisbed  April  20,  18!)7,  is  tlirt^^-fourths  of  a  mile 
?  mouth  of  the  river.  It  is  described  in  Water-Supply  Paper 
age  323.  Kesults  of  ineasui'emeDtH  for  ISiK*  will  W  found  in 
ity-ftrst  Annual  Report,  Part  IV,  page  3H7.  The  station  was 
iiied  November  11,  IfiflH,  and  was  not  uiaiiitaiiitHl  during 
bservations  will,  however,  \tc  rertunu'd  during  IPOl. 

fOLORAD"    RIVEK   AT   YUMA,  AKIZftSA. 

CAtion  was  established  in  April,  187S,  by  Ilie  -Siuihern  Pa^-ifie 
Company,  who  have  maintained  daily  i-eadinffs  .sintf  that 
[  is  through  the  courtesy  of  that  company  timi  llic  recoi-d.s 
ished  to  the  Geolc^ical  Survey.  The  station  i.s  desml>ed  in 
iipply  Paper  No.  38,  page  Sit.  No  measurements  iif  dis- 
rere  made  during  I'JW. 


e  height,  in  feet,  «/  Cutoriidv  Rifer  ii 


Dia,  for  r.ioo. 


Uv.  Apr.  HB^Jjnue.  jDly.  Aug.  Sept.  U-t    K. 


I! 

I  li.i 

m 

<  18,0 
....  .  IS.tl 

l:ilf;! 


ll:t 

...8  ms 

i!  11 

19.' 

to. 

II,  .., 

ie.3     L'l  ■: 

IM'' 

w.ij    ■:. 
ia.h    ■::  ■■ 

in.H    S.8 

II 1 11 


as.  II I  SS.7 

%.£  *i.a 

as,  II  2a.  0 

31.S  5l.r 


IS:! 
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Elwha  River  at  McDonald.  Wnahtngton 

Calowa  River  near  Forks,  Washington - 

Soleduck  itiver  near  Qoillaynb',  Washington 

Miac«llaneDnB  discharge  nieaenr<'nients  in  northwestern  WssbingtoD. . . 

•Sacramento  River  at  Jelly  a  Ferry, 'California 

North  Yuba  River  near  North  San  .T nan,  California 

Middle  Yuba  Biver  near  North  Ban  Joan,  CEHifomia 

Yuba  River  near  SraartviUe.  Oalifomia 

Cache  Creek,  California   _ 

Salinas  Rivrr  near  Salinas,  California 

Stanislaus  EivernearOskdalo.  California..   .. 

Tnolnmne  River  at  Lagrange,  California _.. 

San  .loaiiniii  River  at  Hern-lon.  California  

King  River  near  Red  Mountain,  California - _.. 

King  River  near  Kingsbnrg,  California __ 

Kem  River  Basin.  California _.. 

Kem  Eiver  near  Bakerefiehl,  California 

Mohave  River  at  Victorvillo.  California   

Los  Angeles  River  at  the  Narrows,  California _, 

Arroyo Seco,  California :... 

San  Gabriel  River  alcove  Aznsa.  California  - 

Santa  Ana  River  below  Warmaprings,  California _  

Mill  Creek  in  canyon,  California __. 

Chino  Creek  at  Rincon,  California _ .._ __ 

Santa  Ana  River  at  Eincon,  California 

San  Lnia  Rey  River,  California    ..   _ 

Sweetwater  Eiver  at  Sweetwater  dam,  California __. 

Miscellaneous  diBobargemeasarementa  in  California 
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MEASUREMENTS  AT  RIVER  STATIONS.' 
NORTH   FORK  OF  HUMBOLDT  RIVER  NEAR  PEKO,    NEVADA. 

This  station,  established  March  25,  1898,  is  on  the  Soiitliorn  P}w»ifie 
Railroad  bridge  about  2  miles  west  of  Peko  and  a  sliort  distance 
above  the  month  of  the  river.  It  is  described  in  Water- Sui)i)ly  Pap<n' 
No.  38,  page  325.  Results  of  measurements  for  1800  will  l)e  found  in 
the  Twenty-first  Annual  Report,  Part  IV,  page  380.  The  station  was 
discontinued  March  3,  1900,  and  no  measurements  of  diseharj^e  were 
made  daring  the  year. 

DaUy  gage  height ,  in  feet,  of  North  Fork  of  Humboldt  River  near  Peko,  Nevcula^ 

for  1900. 


Day. 

Jan. 

Feb. 
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Day. 

Jan. 

Feb. 

Mar. 

Day. 

Jan. 

Fob.  1  Mar. 

1 
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3.8 

a5 

12 

8.1 

3.3 

23 

3.1 

1 
3.5  

2.4 

8.3 

8.5 

13 

8.2 

3.3 

24 

3.2 

3.5  

2.5 

3.8 

&5 

14 

&1 

8.8 

26 

3.2 

3.5  

2.5 

S.B 

16 

8.2 

8.3 

26 

3.2 

3.5  

2.5 

3.3 

18 

8.2 

3.4 

27 

3.2 

3.5  

2.5 

3.8 

17 

3.2 

3.4 

28 

3.2 

3.5  

3.0 
3.0 

a8 

8.4 

18 

19 

8.3 
.   3.3 

3.3 
3.4 

29 

30 

3.2 
3.3 

1 

1 

8.0 
3.0 

8.4 
8.4 

au 

21 

3.3 
3.1 

3.4 
3.4 

31 

3.3 

1 

10 

1 

U 

3.1 

8.8 

22 

3.1 

3.4 

1 

HUMBOLDT  RIVER  NEAR   ELKO,    NEVADA. 

This  station,  established  by  L.  H.  Taylor  on  Juno  17,  180.5,  is  at  the 
highway  bridge  1  mile  southwest  of  the  town.  It  is  described  in 
Water-Supply  Paper  No.  38,  page  326.  Results  of  measurements  for 
1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page 
390.  During  1900  the  following  measurements  of  discharge  were 
made  by  L.  H.  Taylor: 

July  6:  Gk^^  height,  2  feet;  discharge,  23  second-feet. 
August  81:  Gkige  height,  1.75  feet;  discharge,  4  second-feet. 


» Ckmtinned  from  Water-Supply  and  Irrlifatlon  Paper  No.  50. 
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I     Daily  gag»  height,  in  fftt.  of  Humbolilt  River  Tuar  Elko,  Xeoada,  /or  1900. 
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I      SOUTH    POBK   OF   HDMBOLDT    RIVER   AT  MASON'8   RANCH,  NEVADA, 

LThis  stjitioii,  established  August  29,  1890,  is  10  miles  southwest  of 
e  town  of  Elko.  It  is  described  in  Water-Supply  Paper  No.  33, 
page  327.  Resulf.3  of  measii rente ut.s  will  be  found  as  follows:  For 
189G,  Eighteenth  Animal  Report,  Part  I\',  page  311;  for  1897,  Nine- 
teenth Annual  Keport,  Part  IV,  page  430;  for  1898,  Twentieth  Annual 
Report,  Part  IV,  page  440;  for  1S1»!I,  Tweiity-fii'st  Annual  Report, 
Part  IV,  page  3i)l.  During  lEtOO  the  following  nieasurcineuts  were 
made  by  L.  H.  Taylor: 

Jnly  fi:  Gftge  height.  1.4,')  feel;  diBcharge,  150  second-feet 
Angost  31;  (iage  height,  0.30  foot;  discharge,  O.VO  second-foot. 


Doily  ifoge  kei^,  in  feet,  of  South  Fork  of  Humboldt  J 
Nevada,  for  1900. 
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HITMBOLDT  BITER  NEAR  OOLCOm>A,  NEVADA. 

This  station  is  near  the  great  northern  bend  of  lliimholdt  River,  and 
below  the  central  valley.  It  in  alwut  12  miles  above  tiic  niontti  of 
Little  Humboldt  River,  It  was  established  OctoI)er  24,  1894,  and  is 
described  in  Water-Supply  Paper  No.  38,  page  'Ji'.h  The  results  of 
■ueaBurements  will  be  found  as  fullowft:  For  180(i,  Kight'<^'enth  Annual 
Report,  Part  IV,  page  306;  for  1S97,  Nineteenth  Annual  Kepurt.  Part 
IV,page  427;  for  18'J8,  Twentieth  Anuuiil  Rei>ort,  Part  IV,  pagt^  438; 
tor  1890,  Twenty-first  Annual  Ite[>ort,  Part  IV,  page  3112.  During  l'JO<) 
the  following  measurements  wero  nia<1<t  by  L.  II.  Taylor: 

April  14:  Qage  height,  1.75  feet;  discbarge.  102  second-feet. 

May  25:  Gage  height,  3.83  feet;  ilischarije,  385  secood-feet. 

Jnlf  13:  Qage  height,  I. .10  feet;  discbarge,  Ot!  eecond-feet. 

Angost  30;  Qsge  height,  0.20  foot;  discharge,  S-O  second-feet. 
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tktOti  gage  hei^.  in  feet,  of  Humboldt  Biver  nmr  Onleotida,  Nwada,  /of  ISM  | 
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HUMBOLDT  RIVER  NEAR  OREANA,   NKVADA, 

I  This  Htation,  09l>ablislie>d  Jnitmiry  27, 180<),  in  1  j  miles  above  thtM) 
■Qpenna  highway  bridge.  It  is  iii  miles  nnrtheast  of  Ixivelocks  ai 
!ilii>vi' hH  of  the  raniiln  divcrlini;:  water  in  tlie  virinity  of  (luit  tow 
It  is  described  in  Water-Supply  Piiper  No.  .IS,  yrnso  330.  Rosiilts 
measurements  will  be  found  as  follows:  For  18%,  Eighteenth  Annu 
Report,  Part  IV,  page  .307;  for  ISflT,  Niiietwnth  Annual  Repoi 
Part  IV,  page  428;  for  1898,  Twentieth  Annnnl  Report,  Part  IV,  pa; 
439;  for  1899,  Twenty-flrst  Annual  Report,  Part  IV,  page  303.  D« 
ing  1900  the  following  measurements  of  discharge  were  made  by  L.  1 
Taylor: 


Digeharge  measurement n  of  HvwJxililt  Rivn 


r  Oreana,  Nevada. 
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;p  Orraaa,  Nevada,  for  lOoo. 
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aIcSKori[«tielowgiige;  kctiutl  belcfat  nhonld  be  3.10. 

The  foUowiDg  lable  gives  the  discharge  measuroments  of  the  canals 
diverting  water  from  Humboldt  Rivor  near  Irfivel<wk8: 

Diaeharge  meamreiaentii  of  caiuits  jiear  LorvUyckii,  Nevaila, 


Date. 

Ct.aml. 

Loralltr. 

Hr>lriwri>nber. 
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KAST  FORK   CARSON   RIVER   NEAR  QARDNERVILLE,  NEVADA. 

This  branoh  of  Carson  River  has  its  source  in  the  high  Sierra  of 
California,   and   flows  northward,   crossing    the  Nevada-Califomia 


b 
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jundary  lino  and  oiitoriiiy  Carson  Vallpy  at  BiHlt'nbjih'si  ranch,  dbonl 
miles  ft  little  east  of  south  from  Carson.     There  it  turns  to  the  ncirUt 
est,  and  a  short  distance  above  tlie  town  of  Genoa  unites  with  the 
rest  Fork,  forming  Carson  River.     The  drainage  area  above  Bwien- 
Ui's  is  414  sfi^nare  miles  in  extent,  and  is  mapiied  on  the  Markleevilfe 
d  Dardanelloa  atlas  sheets  of  the  United  States  Geological  Survej. 
he  gaging  station  was  established  by  L.  11.  Taylor  on  Ot'tolx^rn, 
00,  at  the  place  where  measureracnta  were  made  in  tb©  years  1N90, 
91,  and    1892,   the   results  of   which  are   given  in   the  Thirtwnlh 
nniial  Report,  Part  III,  page  95.     The  rod  is  an  inclined  timlxt 
curely  fast«ne<l  tfl  posts  set  in  the  right  bank  of  the  stream.    Tit 
ncli  mark  is  on  a  basalt  rock  in  the  edge  of  the  stream,  30  f^et  from 
0  gage,  and  is  at  an  elevation  of  6.3  feet  above  gage  datum.    The 
aniipl  at  the  station  is  straight  and  the  banks  are  high.     The  eln^a 
3d  is  of  eobbles  and  gravel,  and  is  quite  stable.     Moasurenienls  «n 
ade  from  a  cable  and  suspended  car. 

lit}/  yame  fieight,  in  feet,  of  Emt  Fork  Cario<i  lliwr  uriir  OardHen'illr,  ..Vmi^ 
forlltOO. 
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WEST   FORK   (LARSON    KIVEK   AT    WOODFORDS,  CALIFORNIA. 

TIlis  stream  rises  on  the  eastern  slope  of  the  Sierra  Nevada  in  Cali- 
fornia, immediately  to  the  southeast  of  the  source  of  Truekee  River, 
and  flowing  in  a  general  northeast  direction  crosses  the  State  line 
into  Nevada  and  joins  tho  East  Fork  near  Genoa,  in  Carson  Valley, 
The  drainage  area  is  mapped  on  the  Marklceville  atlas  sheet  of  the 
United  Statics  (Jeological  Survey.  Tho  gaging  station,  estalilisheil  by 
L.  ir.  Taylor  on  October  18,  IJiOO,  is  al>out  throe-fourths  of  a  mile 
above  the  post-office  at  Wood  f on! s,  near  tlie  point  where  measure- 
ments wore  made  in  1890,  1891,  and  1892,  the  results  oE  which  are 
given  in  tho  Thirteenth  Annual  Report,  Part  III,  page  96.  The  gage 
at  present  in  use  is  a  vertical  timber,  but  it  is  only  temporary,  the 
equipment  of  the  station  being  incomplete.  Tho  channel  at  the  sta- 
tion is  straight,  the  banks  are  high  and  rocky,  and  the  bed  is  of  roek 
and  gravel  and  not  likely  to  shift.  Measurements  are  made  from  a 
car  suspended  on  a  steel  cable  across  the  stream. 


CALIFOBNIA    AND  NEVADA. 


.     401 


DaHygage  lieight,  in  feet,  of  West  Fork  Caraoii  River  at  Woodforda^  California, 

for  1900. 
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CARSON  RIVER  NEAR  EMPIRE,    NEVADA. 

This  river  has  its  source  ou  the  slopes  of  the  Sierra  Nevada  in  east- 
ern California,  ainl  flows  northward  into  the  SUiti*  of  Nevada.  At 
Empire,  3  miles  eiist  of  Carson,  after  having  traversed  the  upper  C-ar- 
8on  Valley,  it  turns  to  tlie  northeiwt  and  entei-s  a  deep  canyon,  tlirouj^li 
which  it  flows  for  several  miles,  emerj^ing  into  a  second  smaller  valley 
a  short  distance  above  the  town  of  Dayton.  AfUu-  leaving  this  valley 
it  passes  through  two  other  shorter  canyons  and  through  one  rather 
large  valley  before  entering  Lower  Carson  Valley,  or  Carson  Sink 
Valley,  as  it  is  also  known,  and  discharging  its  watera  into  the  Carson 
Sink.  The  drainage  ai-ea  is  mapped  on  the  Dardanelles,  Marklee- 
ville,  Carson,  and  Wabuska  atlas  sheets  of  the  United  States  Geolog- 
ical Survey.  On  October  21,  1900,  a  gaging  station  was  established 
about  2  miles  below  the  town  of  Empire  and  about  three-fourths  of  a 
mile  below  the  point  where  measurements  were  made  by  Mr.  Taylor 
in  1895,  the  results  of  which  are  given  in  Bulletin  of  United  States 
Geological  Survey  No.  140  (Report  of  progress  of  the  Division  of 
Hydrography  of  the  United  States  Geological  Survey  for  the  calendar 
year  1895).  The  gage,  a  temporary  one,  is  vertical,  driven  into  the 
stream  bed,  and  spiked  to  a  timber  set  firmly  in  the  left  bank.  The 
bench  mark  is  on  a  stone  wall  10  feet  from  the  gage  and  at  an  devia- 
tion of  7.5  feet  above  gage  datum.  The  channel  is  straight ,  the  banks 
are  rather  high,  and  the  bed  is  comiK)sed  of  cobbles  and  gravel  and  is 
not  likely  to  shift  or  corrode. 

I^iiy  gage  height,  in  feet,  of  Carson  Riv>er  near  Empire,  Nexxula,  for  I'jOO, 
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rBUCKEE  RIVER   AT  TAHOE,    CAUFOKNIA. 

Traokee  River,  the  natural  outlet  of  Lake  Tahoe,  leaves  the  lake  »1 
\ie  city  of  Tahoe.     About  500  feet  from  the  lake  there  is  a  timber  dam 

cross  the  river,  which  lias  been  maintained  fur  more  tliaii  twenty 
ears,  for  the  purpose  of  controlling  the  discharge  from  the  lake, 
>uring  the  early  part  of  the  year  1900  the  gates  in  this  dam  were  kepS 
losed,  not  being  opeoeU  until  June  17,  when  a  gage  was  placed  in  the 
tream  for  tlio  purpose  of  recording  the  height  of  the  waU«r  in  the 
ivor.     The  gage  is  a  vortical  timber  driven  into  the  stream  bed  at 
he  loft  bank  alxjut  300  foot  below  the  dam,  and  is  spiked  to  the  i-oot  of 
tree  growing  on  the  bank.     The  Iteneh  mark  is  cut  in  the  side  of  the 
ree  and  ia  i  feet  above  gage  datum.     The  measurements  are  luade 
rom  a  cable  and  suspended  ear  about  ouc-fourtli  mile  l>elow  the  gage, 
rhich  was  plaeud  as  near  tlie  city  of  Tahoe  us  possible  for  the  eonveD' 
jnce  of  the  observer.     At  the  point  of  motsuremeut  the  right  liank 
*  low  and  is  subject  to  overflow  at  very  high  stt^es  of  the  stream,  bnl 
lie  left  bank  is  rather  high.     The  channel  is  nearly  straight  for  a 
hort  distance  above  aud  IhiIow  tlui  station,  and  the  bed  of  the  river, 
rhich  is  of  gravel  and  coarse  saud,  is  smooth  and  stable.     The  pur- 
ree of  the  station  is  to  ascertain  the  airtual  outflow  from  Lake  Tahoe, 
(ith  a  view  to  determining  its  real  value  as  a  storage  reservoir.     Th« 
pUowing  measurements  wei-o  made  during  1900: 

Date. 

a 

<^r^., ;';          ^«- 

fflCi 

olSia 

.™„ ■»   

Feel. 

K2S 

nwn. 

'i 

■'"■■'>. 
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^goge  kaght^  in  feeit  of  Tmckee  River  at  Tahoet  Calif omia^  for  1900. 


i>»y. 

Jane. 

0.75 

.76 

.75 

.76 

(a) 
.80 

(a) 
la) 

1.10 

(a) 
1.46 

1.45 

1.45 

1.45 

Aug. 


a) 
.46 
1.45 

«) 

.45 
1.45 
1.45 
a) 

.45 
1.45 
1.45 
1.45 
1.45 
1.45 

.75 
1.50 
1.45 
1.50 
1.45 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.45 
1.45 
1.60 
1.50 
1.65 


1.65 
1.66 
1.65 
1.60 
1.66 
1.60 
1.60 
1.60 
1.46 
1.45 
1.46 
1.45 
l.i5 
1.45 
1.45 
1.45 
1.46 
1.46 
1.40 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.86 
1.85 


Sept. 

Oct 

Nov. 

1.86 

1.20 

1.10 

1.86. 

1.16 

1.10 

1.80 

1.15 

1.10 

1.80 

1.16 

1.10 

1.80 

1.20 

1.10 

1.80 

1.20 

1.10 

1.40 

1.16 

1.10 

1.86 

1.15 

1.10 

1.86 

1.16 

1.10 

1.86 

1.10 

1.10 

1.80 

1.10 

1.10 

1.80 

1.10 

1.10 

1.80 

M8 

1.10 

1.80 

1.10 

1.80 

1.10 

1.10 

l.» 

1.10 

1.10 

l.fl) 

1.10 

1.10 

1.86 

1.10 

1.10 

1.80 

1  10 

1.10 

1.36 

1.10 

1.10 

1.80 

1.10 

1.20 

1.80 

1.10 

1.80 

1.80 

1.10 

.90 

1.20 

1.10 

.90 

1.20 

1.10 

.90 

1.20 

1.10 

.90 

1.20 

1.10 

.90 

1.20 

1.10 

(o) 

1.20 

1.10 

1.20 

1.10 
1.10 

(a) 

Dec 


(a) 
0.80 
.80 
.60 
.00 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.00 
.00 
.00 
.00 
.00 
.00 
.60 
.00 
.00 
.00 
.00 
.00 
.60 
.00 
.00 


a  All  gates  cloeed;  uo  water  flowing  from  lake. 
'RUCKBE  BIVER  AT  NEVADA-CALIFORNIA  STATE  LINE. 

bation  is  described  in  Water-Supply  Paper  No.  38,  page  331. 
1900  the  following  measurements  were  made  by  L.  H.  Taylor; 

rye  meagurements  of  Truckee  River  at  Nevada-Califomia  State  line. 


Date. 


190a 


he^t. 


Feet. 
3.90 
4.10 
4.00 
8.70 
8.20 


Dis- 
cbarge. 


Sec 


ft 

753 

1,498 

1,659 

1,112 

Mil 


Date. 


1900. 

Julyl 

July  14 

September  6 

October  2 


Gaffe 

height. 


Feet. 
2.60 
2.50 
2.80 
1.90 


Dis- 
charge. 


Sec.' ft. 
534 
561 
447 
318 
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Dailg  gagi'  height,  in  foDt,  of  Trvaki^  liiivr  at  Srvada'Cali/omiit  Stat 


I 


TKUCKBS&   RIVER  AT    VISTA,   NEVA1»A. 


Thiu  station  ia  described  i 
During  19(H">  tlio  following  nn 


W»t«r-Sapp!y  Paper  No-  38,  page 
isuremoiit-s  were  ma<lo  by  L.  H.  Tiiylor: 


April  Xi . 


uiirements  of  Trurkee  Riivr  at  Viata,  AViviiiii. 


'   1 

^n. 

S^r.-/,. 

Z.-M 

1.1   1 

Date. 

.?iSrt.j 

m. 

3.30 

IS 

julrs.................... 

Julys* 

lu^mwa::::".::::::::::::: 

stc-n. 


OAUXORSIA.   AND   NEVADA. 

<§  gaffe  liei^,  in  ft«i,  of  TnuAee  jftiver  at  VUta,  Nevada,  for  li 


Sma.  I  Feb.  Mar.  Apr.   May.  Junu.  July.  AoB.  Sept. 


a  in 

S.SO  3.30 

3.00  3.30 

a.IG  I  3.30 

a.S  3.8) 

S.TS     _. 


IBS'  %K 

Is  w 


«.10i(.l&    l.W 
3.  HI ,  !,3S    S.ja 

llll  II 


I.",:  : 


m 

r«i 

^li'i 

It 

S75 

If 

i 

15 

u 


^    5    J» 


^LAKEOUS  DISCHABCfB  HBASUBBHENTS  IN  TRUCKBB  BASIN. 
g  the  year  dischai^  measnrementH  were  made  of  a  iiumber 
ns  in  this  basin,  as  recorded  in  the  following  table: 
Ui*eeOaneou»  dUeharge  meaturetneatt  in  Truehee  Basin. 


.^. 

LocaLty. 

.a. 

W»rt  Creak 

DeerCre«k 

kf.^^^^vz 

*■■,;?■ 

ai 

DoiiiieTt.'reek... 

Cold  Crock 

Donner  Creek  — 

At  C^old  c:ivsk  Canyon.  Cal. . 

.:::" 

:;;;; 

Martls  Creek.-.. 

Martin,  cii 

Pr««rCr™k... 

ProBBor.Cal 

Little    Trnckeo 

Jo  Or«y  Creek!! 

Bnrkhalter.  Cal 



Aider  Creek 

PioriKti.n.  oil 



ilnnterCV^k- 

\ 
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STEAMBOAT  CBGBK  AT  STEAMBOAT  SPHINOB,   NEVADA. 

This  atream  is  the  outlet  of  the  Washoe  Lake  Basin,  lying  on  til 
'  eastern  slope  of  the  Tahoe  range  of  mountains.  The  total  draiiu( 
jiWrea  above  the  station  at  Steamboat  Springs  is  123  square  miles,    "m 

RtatioQ  was  established  May  31,  1900,  for  the  purpose  of  ascertainit 
'  the  volume  of  water  entering  Reno  Valley  through  tliis  sti-eam.    IV 

at  a  footbridge  afross  the  iraek  about  200  yariis  east  of  the  Virg 

ftTnl  Truckee  Railroatl  station  at  Steamboat,  at  the  point  whvrud 
itiftream  enters  Reno  Valley,  on  the  main  Truekee  River,  The  giigtf 
[A  vertical  timber  driven  into  a  seam  in  the  rock  of  the  stream  tl 
,  and  spiked  to  the  footbridge  whieh  spans  the  ereek,  from  whieli  mei 
'nremeuts  are  made.     The  channel  is  straight  for  a  short  dislao 

above  and  Iwlow  the  station,  and  the  banks  ai'o  high  and  not  subj^ 

■  to  overflow.  The  stream  bed  is  of  limestone  and  is  perfectly  staid 
The  bench  mark  is  on  a  post  driven  in  the  ground  on  the  right  l 

■  ttt  the  stream  at  the  end  of  the  bridge,  and  is  at  an  elevation  of  5  tn 
lAbove  gage  datum.  The  following  measurements  were  madedurii 
ll»00: 

Miif  31:  Gage  height,  l.(Nt  feet;  dischai'ge,  23  second -feet. 
Jnne  S:  Gago  height,  1.30  feel;  discharge.  .14  second-feel. 
JnJy  'J:  Qage  height,  0.75  foot;  discharge,  t2  second-feet. 
July  11:  Gage  height,  0.5.^  foot:  discbarge,  6  seiKmd-feet. 
August '21:  Gage  height,  0.35  foot;  discharge.  3  seooad-feet. 
P  September  IG:  Gage  height,  0.3.)  toot;  discharge,  3  secoud-feet.  ^ 

a)aiiygageftaight,infeet,ofSti!antbuatCre^  at  Steamboat  Springs,  Xci>ada.f<f 


Ear-                            '   Mar, 

Joue,     Ju 

y- 

Aui;.      Sa 

1 

1 

:3(l 

1 

■s 

.an 
.as 

.BS   _.__ 

.t. 

a) 

30 

SO 
DO 

au 
ao 

a» 

40 

i 

X 

ao 
a& 

i 

SB 

Oct. 

"1 

las 

1 

.as 
as 

1 

!«o 

'.M 

'.m 

.60 
,80 
.60 

.ao 

'.no 
.en 

.es 
.'efi 

;S 
1 

!eo 
:as 

.OJ 
.«£ 
.70 
2.00 

.ni 

■  OS 

.i» 
'.m 

r^- 

1 

-W      n 
en 

1 

.15 

1 

.V) 

1 

1 
1 

.40 

ifiO 

no 

00 

au 

90 

i 
i 

£5 
HO 

S 

SO 

i 

u 

1 

-, 

a 
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whjjOW  orebk  near  standish,  California. 

stream,  which  is  tributary  to  Susan  River  about  12  miles  east 
own  of  Sosanville,  has  itd  source  among  the  outlying  spurs  of 
Ta  Nevada  to  the  northeast  of  the  watershe<i  of  that  river.  It 
regular  in  its  discharge  than  is  Susan  River,  and  although  its 
%Te  employed  for  the  irrigation  of  considerable  land  in  Willow 
alley,  on  its  upper  course,  during  the  latter  part  of  the  irrigat- 
ion it  is  the  main  reliance  for  the  water  supx)ly  for  the  lands 
Qg  Honey  Lake  on  the  northwest.  The  gaging  station,  estab- 
y  L.  H.  Taylor  on  June  4, 1900,  is  at  the  highway  bridge  about 
west  of  north  from  the  jMJSt-offieo  at  Standish  and  about  1^ 
orth  of  Susan  River.  As.  in  the  case  of  the  latter  stream,  a 
try  gage  is  being  used.  Measurements  are  made  from  the 
The  channel  at  the  station  is  straight  for  a  short  distance. 
1,  bank  is  high,  but  the  right  bank  is  low  and  is  subject  to  over- 
extreme  high  water,  which  does  not,  however,  occur  oftener 
ice  in  five  or  six  years.     The  stream  bed  is  sandy  and  shifts 


nscroft  ditch  diverts  wator  from  the  creek  near  the  station. 
1900  its  discharge  was  measured  three  times,  {is  follows: 
discharge,  1.5  second-feet;  July  30,  discharge,  1  second -foot; 

r  10,  discharge,  0.3  second-foot. 

ig  the  year  the  following  discharge  measurements  were  made 

aain  station  by  L.  H.  Taylor: 

June  4:  Gage  height,  2.60  feet;  discharge,  16  second-feet. 
July  30:  Qage  height,  2.85  feet;  discharge,  26  second-feet. 
October  10:  Qage  height,  2.80  feet;  discharge,  20  second-feet. 

xige,  height,  in  feet,  of  Willow  Creek  near  Standish,  California,  for  1900, 


Day. 


Jane. 


3.«0 
2.00 

2.m 
2.eo 

2.») 

'Z.m 

2.05 
2.(» 
2.(i5 
2.8() 
2.80 
2.80 
2.80 
2.70 
2.70 


70 
70 
70 
70 
70 
70 
2.70 
2.70 
2.70 
2.70 


July. 


2.70 
2. 70 
3. 00 
2.80 
2.80 
2.05 
2.«5 
2.63 
2.70 
2.70 
2. 70 
2. 70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
,80 
.90 
00 
10 
3.10 
8.10 


Aujf.      Sept.   :    Oct.    '  Nov. 


Dec. 


3.10 
3. 10 


290 
2.JM) 
2.90 
2.90 
2.90 
2.90 
2.90 


4 


2. 
2. 
3. 
3. 


•> 


90 
90 
<.K) 
2.JJ5 
2.95 
3.(W 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
3.00 
3.00 
3.00 
3.10 
a  10 

a.10 


\ 


3.10 
3. 10 
3.10 
3.  (JO 
2.90 
2.75 
3.10 
8.00 
2.80 
3.40 
3.90 
3.:» 
3.20 

3.:w 

3.30 
3.30 
3.30 
3.30 
3.:«) 
3.30 
3.30 
3.:i0 
3.30 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
^^ 


3.40  I 

3.40  ' 

8.40  I 

3.60  j 

3.60 

3.50  I 

3.tX)  I 

3.60 

3.60 

3.00 

3.60 

3.60 

3.60 

3.70 

3.70 

3.80 

3.80 

3.80 

3.80 

3.85 

3.05 

4.00 

4.10 

4.10 

4.20 

4.20 

4.10 

4.00 

8.90 


8.70 
3.70 
8.70 


8. 
3. 


\ 


70 
70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.75 
4.90 
6.50 
5.60 
6.60 
6.60 
8.00 
8.00 
8.00 
8.60 
8.20 
7.90 
7.00 
7.60 
7.20 
6. 70 
8.60 
V^ 


ms 


OPERATIONS    AT   BIVEB   STATK'Ne,   I'JOO,- 


8DSAN  RIVEK  NKAK   BU8A»\-ILLE,   CALIFORNIA. 


r  veaj 
iwUM 


This  river  has  its  Bourc©  in  the  Sierra  Nevada  in  northoastom  C^ 
fomia,  and  flowing  eastward  discharges  into  Iloncy  Lnlie — one  of  tint 
land-locked  lakes  of  the  Great  Dasin — of  which  it  is  the  principnl 
feeder.  A  eonsiderable  area  of  land  is  irrigatod  from  the  wat^^rsol 
the  river  below  the  gaging  station,  and  during  the  last  ten  or 
yeai-s  several  projects  ha\'e  been  started  for  irrigating  other 
extensive  areas  by  the  storage  of  its  waters  both  above  and  below 
town  of  Susanville.  The  gaging  Htation  is  about  three-fourths  Otl 
mile  southwest  of  the  town,  at  the  electric-light  plant.  It  was  esta^. 
lished  June  3,  litoO,  ,by  L.  II.  Taylor,  a  temporary  gage  being  plaM^i 
IB  the  right  bunk  of  the  river.  The  station  is  designed  to  be  equipped 
with  a  cable  and  susjiendcd  car  f i-nm  which  to  make  laeaanrementa  of 
the  discharge,  but  these  and  the  permanent  gage  have  not  yet  been  pid( 
into  place.  The  channel  is  straight  for  a  dist.ance  above  and  belol 
the  station,  and  the  banks  are  high.  The  sti-eam  lied  is  of  gravel* 
cobbles,  and  is  rather  stable. 

A  short,  distance  alwtve  the  station  a  small  irrigating  <lilch,  kiio' 
as  the  Masteii  ditch,  is  taken  out  on  the  rii;ht  bank  of  the  streami 
Near  it*  hea^l  is  «  flume  in  which  a  gage  has  beflo  placed  and  measure- 
mentu  are  made.  On  July,  5,  litOO,  this  ditch  was  discharging  7" 
second-feet.  During  1900  two  measurements  were  made  of  thedift- 
ehai^  of  the  river  at  Susanville,  under  the  direction  of  L.  II.  Taylor, 
as  follows: 

.Tnne  ''I:  Gage  hel(;ht,  3.30  feet:  diecharRe,  4C  seciond-feet. 

Jal]r  b:  Gage  height,  2.i!0  feet;  discliarge,  8  second-feet. 


DaU]/  gage  Iteight,  in  feet,  of  Sumn  River  near 

SumnviUe,  Califon 

ia,  for 

isoe. 

Dw- 

JanB. 

Jnly. 

AUB. 

Sept. 

Ort. 

»„. 

Ddft 

l 

2.70 
AM 

1 

.W 

:1S 

1 

5:40 

2.W 
2  40 
IM 
J(.« 

Z.4fi 

:i.4S 

2.  IS 

lis 

2:«i 

.to 
,tn 

-1 

.«! 
.*U 

.«l 

.40 

.to 

■i 

.Hi 

.3S 
.40 

a  40 

2.40 

>.«! 

Islii 

§i 

Is   ":i 

2.3fi          .W 

1 

a 
II 

1 
II 

11 

1 
!so 

.90 

1 

.30 

B.10 

1;^ 
1 

2.(0 

sflo 

2.  Ml 

.w 

.HO 
.Ml 
.80 

Is 

i 

J 

»•■■ - 

. 

\__ 

^ 
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ife  heif^y  in  feet^  of  Masten  ditch  near  SusanviUe,  California,  for  1900, 


Day. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

0.75 
.80 

1.00 
.85 
.W 
.86 
.80 
.75 
.75 
.70 
.70 
.70 
.70 
.65 
.60 
.60 
.60 
.60 
.80 
.00 
.70 
00 
.00 
.00 
.00 
.70 
.70 
.65 
.66 
.66 
.60 

Nov. 

Dec. 

0.76 
.76 
.75 
.76 
.75 
.70 
.65 
.60 
.60 
.66 
.65 
.65 
.66 
.65 
.66 
.66 
.65 
.66 
.66 
.65 
.65 
.60 
.60 
.65 
.55 
.66 
.65 
.66 
.66 
.66 
.66 

0.60 
.60 
.60 
..'iO 
.46 
.65 
.56 
.50 
.50 
.60 
.50 
.50 
.50 
.50 
.60 
.50 
.46 
.45 
.45 
.60 
.60 
.65 
.55 
.65 
.66 
.60 
.60 
.50 
.50 
.50 
.66 

0.55 
.60 
.60 
.60 
.60 
.60 
.60 
.65 
.65 
.65 
.70 
.70 
.80 
.80 
.76 
.75 
.76 
.76 
.75 
.76 
.75 
.75 
.80 
.80 
.85 
.86 
.75 
.75 
.75 
.75 

0.00 
.00 
.00 
.60 
.60 
.60 
.56 
.56 
.56 
.56 
.55 
.55 
.60 
.60 
.50 
.60 
.60 
.60 
.60 
.60 
.00 
.70 
.70 
.60 
.70 
.60 
.60 
.60 
.60 
.00 

0.60 

.60 

.60 

.45 

.45 

.40 

.40 

.40 

.40 

.40 

.40 

.40 

.40 

.40 

.40 

.40 

.60 

.60 

.60 

.00 

.00 

.80 

.00 

.60 

0.30 
.66 

.86 
.86 
.86 
.80 

.60 

.60 

.40 

.00 

.00 

BEAR  RIVER  AT  BATTLBCREBK,   IDAHO. 

station,  established  October  11,  1889,  is  about  10  miles  north 
Utah-Idaho  boundary  line.  It  is  described  in  Water-Supply 
^o.  38,  page  332.  There  are  two  bench  marks  to  which  the 
referred;  the  first  is  a  nail  in  the  bridge  floor  beam  close  to 
e,  and  the  second  is  three  nails  in  the  east  side  of  the  north 
ich  supports  the  station  cable.  Both  of  these  bench  marks  are 
eet  above  the  gage  datum.  Results  of  measurements  will  be 
kS  follows:  For  189G,  Eighteenth  Annual  Report,  Part  IV,  page 
r  1897,  Nineteenth  Annual  Report,  Part  IV,  page  432;  for  1898, 
3th  Annual  Report,  Part  IV,  page  459;  for  1899,  Twenty-first 
Report,  Part  IV,  page  394.  During  1900  the  following  meas- 
ts  of  discharge  were  ina<le  by  George  L.  Swendsen: 

Discharge  measurements  of  Bear  River  at  Battlecreek,  Idaho, 


Date. 


12. 


1900. 


Gago 
height. 

Dis- 
charge. 

Feet. 

Sec. -ft. 

1.75 

068 

2  05 

1,880 

2.88 

1,585 

8.60 

2,288 

2.16 

073 

1.67 

643 

1900. 

AngnstSl 

September  26 

October  20 

November  5 

December  22.... 


Gage 
height 

Dis- 

charge. 

Feet. 

Sec.'ft. 

1.40 

487 

i.eo 

604 

1.70 

027 

1.76 

682 

1.86 

664 

t 


0  OPERATIONS    AT   RIVKR   tlTATIONS,   1900. PART    T,        l.fl 

Daily  gage  height,  xnfett,  of  Bi<ar  River  at  Battkcrerk,  Idaho./irr  1900. 
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kCUB  RIVKR  AT  PRANKLIS,  IDAHO. 
Cub  Riv«i-  risoa  in  the  soiithprn  part  of  Iilnhn,  ami  flowing  iQ» 
"iBonthwraterly  direction  iuto  Utah  discliA^;e»  its  waters  int*»  B"*!" 
River.  Six  canalfl  are  «uj>plie(l  fnim  this  stroam,  the  total  an'iv  irri- 
gated being  nboiit  7,000  aents,  part  of  which  ia  in  Idaho  and  part  in 
Utah.  During  the  irrigation  season  tlie  supply  of  water  in  the  river 
is  considerably  below  the  needs  of  the  lands,  but  in  the  early  spring 
the  discharge  exceeds  flOO  second-feet,  and  already  some  consideration 
has  been  given  to  the  storagi-  of  this  surplus  by  the  constnietion  of  * 
reservoir  at  a  very  favorable  site  near  the  headwaters  of  the  river. 
The  gaging  stMion,  established  July  33,  1900,  ia  a  short  distanc* 
above  the  head  gatrca  of  the  Lowiston  canal.  Daily  readings  ar* 
made  on  a  vertical  gage  grathiated  to  feet  and  tenths.  The  bend 
mark  is  a  cross  cut  in  the  top  of  a  cedar  stump  05  feet  west  of  fb* 
gage, and  is  6.!)5  feet  above  thegage datum.  During  ]!)00  the  folio* 
ing  measurements  of  discharge  weiv  made  by  George  L.  Swcnd.sen: 

May  20:  Qage  height. feet;  discharge.  403  second-feet. 

July  23:  Gage  height,  2.20  feet;  diecharge,  74  second-feet. 
Angost  30:  Gage  height,  1.80  feet:  dischnrgL'.  CT  second- feet. 
September  22:  Oage  height,  1.6-')  feet;  discharge.  r>.^  second-feet 
October  37:  Gage  height  1.82  feet;  discharge,  fil  second-feet 
Norember  19:  Oage  height.  1.41  feet:  discharge,  4:1  second- feet 
December  24:  Gage  height,  l.liO  feet;  discharge,  46  second-feet. 
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DaOg  gage  height,  in  feet,  of  Cub  River  at  Franklin,  Idaho,  fin-  tniio. 
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LOGAN  RIVKR  NHAR  LOOAN,    I'TAH. 

This  station,  cat-ablishcd  June  1,  1806,  is  in  the  river  ciinyon  about 
i miles  eant  of  Tjogan.  It  is  dcflcriliod  in  Wator-Supiily  I'npi'r  \o.  -iS, 
pige  334,  During  the  low-wator  Hooaon  thp  ontiiv  supply  of  the  rivor 
Bused  for  irrigation.  Within  the  last  two  yeara  it  luis  Iweoiiie  very 
prominent  as  a  source  of  water  power,  and  thei-e  is  in  course  of  con- 
struction a  very  targe  plant  intended  to  utilize  the  low-water  supply, 
ResDltoof  measurements  will  be  found  as  follows;  For  18%,  Kigbt- 
etnth  Annual  Report,  Part  TV,  pageSlK;  for  18flK,  Nineteenth  Annual 
Report,  Part  IV,  page  434;  fur  18ft8,  Twentieth  Annual  Report,  Part 
IV,  page  462;  for  1899,  Twenty-ftrst  Annual  Keimrt,  Part  IV,  page 
397.  During  1900  the  following  discharge  meiisnn-raents  were  nuule 
by  George  L.  Swendsen: 

Diteharge  mfjumremmtii  of  Logitn  Rit>er  near  lAnjnn.  Utiik. 
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■  IILACKSMITH   FORK  AT  HYKUH,  UTAH. 

^  TIiiH  river  is  fornmil  liy  the  junction  of  wveml  Btreams  rising  in  iho 
higli  mountains  forminfj  ttiP  sntitbeasteni  boamlary  of  Cliche  Vall^- ' 
For  I  lie  (ii-sl.  2'>  miles  ils<'inirsc  is  in  a  imrtli westerly  (linnet tun,  tliroiigli 
a  precipitous  canyon  afEordiu};  excellent  water-power  facilities.  On 
leaving  tlie  canyon  the  stremn  ent.crs  Caelie  Valley,  jmd  finally  joins 
Logan  River  a  few  miles  above  the  junction  of  Uiat  river  with  HcO' 
River.  Six  irrigation  canals  and  one  large  power  canal  are  supplic*^ 
by  this  river,  and  during  tlic  irrigation  season  the  entire  supply  • 
utilized.  The  present  gaijin}.;  station  was  establiKlied  July  l!i.  lOOt" 
by  (-feorge  L.  Swendsen.  It  is  near  flie  tollgate  at  the'  inoulh  of  tl» 
canyon.  Daily  readings  ai-e  made  on  a  vertical  gage.  The  I)enc3 
mark,  a  line  of  i-ed  paint  on  the  t.op  of  a  short  cetlar  post  near  th 
north  post  of  the  tollgat*,  is  J*. 2!'  feet  above  gage  datum.  During  190* 
the  following  discharge  ineasni-einents  were  made  by  Mr.  Swendsen 
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DaSg  gage  hei^U,  in  feet,  of  Blacksmith  Fork  at  Hyriini 
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LITTLE  BEAR    RIVER,    UTAH. 

This  stream  lias  its  source  on  the  mii'tliorn  slopes  of  the  innuiitjiins 
fonning  the  southern  boundao'  of  Caiihe  County,  t'tiih.     It  IhiwM  in 
>  northerly  direiition  and  enters  Bear  River  a  few  inihrs  helow  tlio 
■onth  of  Blacksmith  Fork.     On  Juno  27,  19(H>,  tho  ojist  hraneh  of 
Little  Bear  River  was  moa8iire<l  by  (ieorge  L.  Swendseii,  alwve  all 
canal  diversions,  and  a  discharge  of  ^7  seeond-feet  whs  found.     The 
south  branch  of  the  river  was  also  ineasured  on  the  same  day,  above 
all  caual  diversions,  and  a  discharge  of  40  .second-feet  was  found. 
BEAR  EIVER  NEAR  COLUSSTON,  UTAH. 
I        This  station,  eRtabIishe(}  July  I,  188S),  is  alwut  4  miles  alwvc  the 
I    railroad  station  at  CoUinston,  2  miles  ea.st  of  ttie  town  of  Fielding, 
I     Ctah,  and   below   the  headworks  of  the   Bear  River  canal.     It   i» 
<le8cribed  in  Water-Supply  I'aper  No.  :it>,  page  ■i^i-'i.    The  recoi-d  during 
the  summer  of  190t*  shows  the  lowest  discharge  since  the  establish- 
ment of  the  station.     A  lanre  canal  is  in  pi'(X!ess  of  construction, 
^vhich  will  divert  water  a  considerable  dislanco  alnive  the  Battleereek 
titation,  to  irrigat'O  a  large  tract  of  bind  on  the  west  side  of  (.'ache  Val- 
ley.    Its  operation  will  greatly  modify  the  dischargi'  at  the  CoUinston 
station  during  the  next  season.     Results  of  mensnivmeiits  will  l>c 
found  as  follows;  For  18!)(!,  Kightcenth  Annual  llcp(n-t.  Part  IV,  page 
:i20;  for  1807,  Nineteenth  Annual  Repoit.  Part  IV,  page  435;  for  18'.)8, 
Twentieth  Annual  Report,  Part  IV,  page  4fl();  forlSlili,  Tweiity-fii-st 
-Annual  Report,  Part  IV,  i)age3!)5.     The  following  discharge  measui-e- 
tuents  wore  made  during  1000: 

Diicharge  meamintnenln  of  Hear  Riirr  iifar  CiiUiHxtnti,  Vlah. 
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DaOfi  gage  height,  in  feet,  of  Bear  K»yer  mar  Collinstoa,  Utah,  for  19m. 
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WEBER  RIVER  NEAR  UINTA,  OTAH. 

This  stMion,  ostabliahed  in  Oclobcr,  1890,  is  in  tho  canyon  5  mi 
east  of  ITintA,  on  the  ITnion  Papifiti  Railrojul,  imm(>cl lately  above  ' 
narrows  known  as  DpvilH  Gate.  It  is  described  in  Waf«r-8np 
Paper  No.  38,  page  337.  There  are  a  nnnilwr  of  gootl  reservoir  si 
on  the  upper  trihntarie.'!  nf  tlie  river,  ami  within  the  last  few  ye 
some  of  them  have  been  utilized  by  the  eiinstruetion  of  notable  si 
age  works.  Results  of  ineasnrements  will  lie  found  as  follows:  ! 
189C,  Eighteenth  Annual  Report,  I'art  IV,  page  ^i^-l;  for  1897,  Ni 
teenth  Anmial  Report,  Pai-t  IV,  page  +40;  for  1898,  Twcnti 
Annual  Report,  Part  IV,  page  4Cf;;  for  lfi99,  Twonty-fii-st  Ann 
Report,  Part  IV,  pago  39S.  Tho  following  measurements  were  m; 
during  1900: 

July  16:  Gage  height.  l.l"i  feet;  dischargi',  70  second-feet. 
Aagnst  23:  Gage  height,  l.OS  feet;  discharge,  T.'i  sec  and- feet. 
September  30:  Oage  height,  l.^Wfect:  discharge,  172 second-feet. 
October  22:  Gage  height,  1.70  feet:  discharf^e,  401  second-feet. 
Novembet  13;  Gage  height,  1.73  feet:  discharge,  420  second-feet. 
December  20:  Gage  height,  1.50  feet;  discharge.  3QC  eecond-feet. 
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DaU]/  gage  height,  in  feet,  of  Weber  River  if 
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SPANISH  FORK   NEAR  HAPLBTON,   UTAH. 

This  station,  established  liy  C.  C.  ltal>)>  on  May  3:i,  1900,  is  in  the 
loyon  of  the  river  3  miles  above  the  Rio  Grande  Western  Railn>ad 
Ution  at  Mapleton,  and  a  short,  distance  almve  tlie  head  uf  the  npper 
uul  divertinf;  water  From  the  river.  The  gage  ro<l  consists  of  a 
■ertieal  post  driven  firmly  into  the  bed  of  the  stream,  Tlie  bench 
nark  is  at  the  top  of  the  fourth  largo  post,  -t  rods  northwest  of  the  gate 
nto  the  field  west  of  the  railroad  track.  The  post  is  blazed  on  the 
orth  side  and  marked  in  pencil  "IT.  S.  G.  S.  Gage  B.  H."  Tlie  bench 
lark  is  250  feet  northeast  of  the  gage  rod,  and  its  elevation  above 
Ite  zero  of  the  gage  is  32.86  feet.  The  channel  isstraight  for  a  short 
iBtance  above  and  below  the  station.  Both  banks  are  high  and  are 
otsabject  to  overflow.  The  bod  of  the  stream  is  of  gravel  and  is 
ot  likely  to  shift  during  high  stages.  Measurements  were  made  by 
rsding.  The  observer  is  Levi  Tliorpe,  section  foreman.  During 
900  two  measurements  of  diachni^e  were  made  by  C!.  C.  Itabb  and 
IF.  P.  Hardesty,  as  follows: 

May  ^:  Gage  height,  2.50  feet;  discharge,  18S  sacond-feet. 
Jti1]>  14:  Qage  height,  1.88  feet;  discharge,  49  second-feet. 
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PROVO   Rr\'KR   NEIAR   PROVO,  UTAH. 

I  This  stjition,  established  July  27,  188!l,  is  in  the  caiiyou  about  1  J 
miles  from  Provo,  and  above  the  head  of  most  of  the  irrigation  canals -J 
of  Ftah  Valley.     Tlie  oh-sen-m-  is  Henry  V.  Smith.     The  stalion  ie  1 
describeil  in  Wjilfr-Siiiiply  I'sijier  Nu.  ;W,  jm^i'  ;i'is.     TJii'  lesiitts  < 
measurements  for  ISDl)  will  be  foiiiul  iu  the  TwfriLy-lirst  Aniiiial 
Report,  PftrtlV,  page  'A'-^'i.     During  1900  the  foliowiiiy  Tneit-siireim 
wire  iiiad«  by  C.  C.  Balib  and  W .  P.  Hardesty: 

May  32:  QagB  height,  ,'),fl,"i  feut:  ilischarge,  83-t  aocond-feot. 
Jnly  t:J:  ()«:.;e  height,  4.-J3  feet:  disc  liar  [,'6,  I'.l  seconrl-feet. 
Septomlier  .1:  Uage  height,  4.1(1  feet;  discharge,  103  sofoud-feet. 
November  14:  Gage  height,  4.-')0  feet;  diacliarge.  33T  second-feet. 
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iiy  goffe  height,  in  feet,  of  Provo  River  near  PrwH),  ZTtah,  for  11)00. 
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AMERICAN  FORK  NEAR  AMERICAN  FORK,  UTAH. 

^t-ation,  established  by  C.  C.  Babb  on  May  21,  1900,  is  6  miles 
st  of  the  town  of  American  Fork,  at  the  power  plant  which 
n  under  course  of  construction  during  the  last  season.  An 
iical  rod,  driven  solidly  into  the  bed  of  the  river,  was  found 
id  as  it  was  in  good  condition  it  was  used  for  recording  heights. 
I  is  just  al)ove  the  tailrace  of  tlie  new  power  plant,  and  obser- 
were  taken  there  until  December  17,  1000,  when  the  water 
of  the  power  company  were  started.  After  that  the  gage 
did  not  give  the  true  flow,  necessitating  a  change  of  location. 
200  feet  below  the  tailrace  of  the  power  company  is  the  three- 
n  measuring  weir  for  dividing  the  water  of  the  stream  Iwtween 
ns  of  Pleasant  Grove,  Lehi,  and  American  Fork.  On  Decem- 
1900,  a  rail  was  driven  in  the  face  of  the  weir  structure,  just 
f  the  south  opening  and  level  with  the  crest  of  the  weir,  by 
lieights  are  recorded.  This  is  not  a  sharp-edged  weir,  as  the 
.  4  inches  wide;  but  it  is  considered  that  the  results  will  have 
iracy  within  4  per  cent.  It  is  in  good  condition  and  seems  to 
ry  little. 
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The  following  table  gives  the  division  o(  thn  water  of  the  stream  I 
the  weir,  according  to  court  decrees,  the  datti  being  furnished  hy  tk 
water  master  for  the  I>ehi  district: 
1                         Table  »hoioiiig  dMaion  of  leaUr,,  „/  dmerioan  Fork. 
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On  Deceniljer  18  levels  wei-P  takou  on  the  cre»t  of  the  flashboanls, 
and  also  on  nails  (one  for  each  end  of  each  oi>eiiing}  driven  into  Uic 
face  of  the  lougitudiual  cap  resting  on  the  posts  of  the  openings.    Bjf 
measuring  down  from  these  to  the  crest  of  the  Iwanls  tlie  elevation 
of  the  oreet  with  reference  to  the  gage  point  can  bo  fonnd  withonl 
further  ase  of  the  level.     The  reference  nail   for  gaging  is  ftOlJ 
Toot  too  hifih  for  the  present  arranfrempnt  of  tli'>  planks  (division  for 
Sepleinber  I'H  to  April  IS),  so  that  the  gage  iv:nl i iiy.s  by  llic  observer 
are  corrected  by  +0.01  foot.     On  December  ^7,  28,  and  2'.}  the  river  m» 
frozen  above  the  new  gage,  and  observations  were  taken  at  the  olJ    i 
stake.     Readings  were  resumed  at  the  new  gage,  however,  on  Dewm- 
her  30,  and  during  lilOl  they  will  be  tjiken  at  the  weir  gage. 

During  1!"X)  the  following  measurements  of  discliargti  were  mwle  liy 
C.  C.  Babb  ai.d  W.  I'.  Harilesty: 

May  21:  Gage  height,  0.70  foot;  discharge,  1.T8  Beco nil- feet. 
Jnly  13:  Oage  height,  0.39  foot:  discharge,  43  eecond-feet. 
September  5:  Qage  height,  0.2.i  foot;  diacbnrge,  20  second-fett. 
November  14:  Gage  height,  0.29  foot;  discbarge,  34  second-feet. 
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gcLge  height^  in  feet^  of  American  Fork  near  American  Fork,  Utah^  for  1900* 


Day. 

May. 

June. 

July. 

Au«. 

Sept. 

Oct 

Nov. 

Deo. 

L_  .._ 

0.80 
.86 
.88 
.80 
.75 
.70 
.70 
.78 
.78 
.65 
.60 
.60 
.60 
.60 
.60 
.58 
.56 
.58 
.51 
.53 
.55 
.60 
.45 
.43 
.53 
.50 
.60 
.60 
.60 
.60 

0.60 
.50 
.60 
.50 
.50 
.48 
.48 
.42 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.36 
.33 
.84 
.85 
.35 
.35 
.35 
.35 
.35 
.34 
.34 
.34 

0.31 
.30 
.30 
.30 
.30 
.80 
.30 
.30 
.30 
.30 
.29 
.29 
.29 
.29 
.29 
.28 
.28 
.28 
.24 
.24 
.24 
.24 
.24 
.25 
.25 
.25 
.28 
.28 
.28 
.27 
.26 

0.25 
.25 
.26 
.28 

.27 
.27 

•s 

.27 
.80 
.30 
.30 
.30 
.30 
.30 
.30 
.25 
.24 
.24 
.24 
.27 
.30 
.30 
.30 
.38 
.80 
.30 
.30 
.30 
.30 
.30 

0.30 
.30 
.80 
.80 
.30 
.30 
.30 
.30 
.30 
.30 
.80 
.30 
.80 
.80 
.80 
.80 
.30 
.30 
.30 
.85 
.33 
.38 
.83 
.83 
.83 
.33 
.33 
.33 
.33 
.83 
.33 

0.83 
.88 
.88 
.88 
.88 
.83 
.38 
.33 
.33 
.83 
.32 
.32 
.32 
.80 
.30 
.30 
.80 
.30 
.80 
.30 
.30 
.80 
.30 
.30 
.82 
.32 
.32 
.82 
.82 
.32 

0.82 

t 

.88 

.88 

L 

.88 

.88 

•  - 

.88 

r 

.88 

^  Z--* "11' -I-""'. '.'"'.'"11''""" 

.88 
.88 

^. 

.88 

B  zmi. Ill -11.11' iiiir.ii.'-iiiiiiii 

.88 
.88 

fcZI.l .....Ill 

.88 

B.  _. 

.83 

tiz-..:: :: 

B    -- 

.88 
.88 

r  Z- 1 1. 

.88 

a. 87 

o 

.87 
.87 

n 

0.73 
.76 
.76 
.85 
.90 
1.03 
1.03 
.98 
.90 
.90 
.80 

.87 

6    

.36 

.36 

ft&.  ~"'""' 

.36 

.37 

8Bi-«            1 

.36 

6.30 

^BH- 

6.28 

6.28 

a. 34 

^fciii::ii:iiiiiiiiiiiiiiiiiiiiiiiiiiii 

a. 34 

a  At  new  station  on  weir. 


6  At  old  station  on  stake. 


UTAH  LAKE,  UTAH. 

A  station  for  recording  the  rise  and  fall  of  this  body  of  water  was 
established  November  G,  1896,  by  C.  C.  Babb,  at  Geneva,  Utah.  It 
was  discontinued  October  14,  1899.  A  description  of  it  will  be  found 
in  Water-Supply  Taper  No.  38,  page  341.  The  city  of  Salt  Lake  has 
erected  a  new  station  at  the  outlet  of  the  lake,  plans  and  section  of 
which  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 
pages  400  and  401.  Observations  were  firet  started  here  on  February 
6,  1900,  under  the  direction  of  the  city  engineer  of  Salt  Lake,  F.  C. 
Kelsey,  by  whom  the  following  record  was  supplied.  To  the  figures 
^ven  there  should  be  added  4,500  feet  in  order  to  obtain  the  elevation 
of  the  surface  of  the  water  above  sea  level,  llie  compromise  level 
of  this  lake,  as  established  by  the  lake  commissioners,  is  at  an  eleva- 
tion of  4,515.80  feet  above  the  sea. 


420  (IVEBATIONS    AT   RIVEK   STATIONS,   ItKX). I'AKT    V.       1M.S 

a       Daily  gage  height,  in  feet,  of  Utah  Lake-,  Utnh.  nmr  il»  oallet,  far  1300. 
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OITV-  CREKK   NEAR  CITY   OF  SALT  LAKE,  UTAH. 

This  atation  ia  maintainod  by  the  engineering  department  of  tb 

city  of  Salt  Lake,  iu  dounection  with  the  water  supply  of  that  cit] 

imdei-  the  direction  of  Mr.  F.  C.  Kelsey,  city  engineer,  by  whom  tt 

following  reconi  for  l&OO  was  furnished: 

Daily  niea/i  flvivhuTyr,  in  iKemtil-fept .  of  Oil;/  Cr^.-ffc  mar  city  of  Salt  Lah;  Ula< 

for  1900. 

[Drainage  oroo,  le.lli  Bqnnro  milaa.  1 


D«y. 


M»r.  Ji 


a  Jul  r,  Aug. 


Sept.'  Oct-   I 
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>ASLBT8  CREBE  NKAK  CITY  OF  SAI^T  IJUEB,  UTAH. 

ktion  was  estftbliehed  by  the  engineering  department  of  the 
It  Lake  in  oonnection  with  the  water  anpply  of  that  city.  It 
uiyon  of  the  stream.  Measurements  are  made  over  a  double 
i  weir,  which  is  so  controlled  that  the  entire  weir  can  be 
owing  the  gravel  and  deposit  from  above  to  be  washed  out 
3  to  time.  The  following  record  for  1900  was  furnished  by 
Kelsey,  city  engineer  of  Salt  Lake : 

discharge,  in  fec<md-/eel,  of  Rirleya  Creek  near  oity  of  Salt  Lake,  Utah, 

for  1900. 

[DmlDaB«  area,  lO.U  aqnare  mile*.] 
Jul.   reb.  Uu.  Aiir.  May.  Jniia.  July.  Aug.  Bspt  Oct  Nor.  Dee. 


si  )!,   i:  3 


0PEEAT10N8    AT    BIVEB   STATIONS,   1900.- 


MILL  CREEK   NEAR  CFTY  OF  SALT  LAKE,  TTTAH. 


^P  This  fltation  was  established  September  8,  1898,  by  the  engineenij 
flepartmeiit  of  the  city  <if  Salt  Lnke,  in  connection  with  tlie  wal«r  m 
ply  of  that  city.     MeasureraentiS  are  made  over  a  CipiMjletti  weir 
the  canyon.     The  following  record  for  1900  was  furnished  by  Mr.  F.C, 
Kelsey,  city  engineer: 


DaOan 


n  diaeharge,  i 


I  Komd-feet,  of  Mill  Greek  ii 
for  1900. 


r  city  i>f  SaU  Lahe,  ["(ol. 


Fob.  Hot.  Apr.  Hky.  jQiia.  Jnly.  Aug.  S«pt  OcL 


BIG   COTTONWOOD   CREEK   NEAR  CITY   OF  SALT  LAKE,  UTAH. 

This  station  was  established  October  30,  1898,  by  the  city  engine^ 
of  the  city  of  Salt  Lake,  in  connection  with  the  water  supply  of  th» 
city.     Measurements  are  ma<le  over  a  rectangular  weir  16  feet  lon^ 
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twli^  recon)  for  1900  was  furnished  by  Mr,  F.  C.  Kelsey,  city 


»  dtaAarge,  in  meond-ftet,  of  Big  Cottonwood  C 
Lake,  Utah,  for  1900. 


[Dm>»w 

V<m,<8.1Taqiuu 

■emilet] 

Dmj. 

M-T- 

JtmB. 

Jolj. 

A»,. 

Bopl 

Oct 

Nov. 

Dea 

1 
1 
1 

i 

1 

OS 

i 

to 

i 
ii 

i 

38 

aa 

1 

as 

1 

IB 

1 
1 

i 

£3 

33 

1 
1 

aa 
a> 

n 

M 
2S 

n 

1 
i 

1 
i 

ai 

S 
1 

as 

m 

M 

» 

m 

s 



SAUNA   CREEK  NEAR  SAUNA,   UTAH. 

tream  drains  a  portion  of  th«  easteru  part  of  Sevier  Couuty. 
westerly  and  enters  Sevier  River  near  the  town  of  Salins, 
\  considerable  portion  of  its  waters  is  used  for  irrigation, 
tion,  established  by  Caleb  Tanner  on  July  2,  1900,  Is  In 
on  of  the  creek,  abont  5  miles  southeast  of  Salins.  The 
sists  of  a  vertical  post  driven  into  the  bed  of  the  creek  and 
■aoed  on  the  downstream  side.  The  bench  mark  is  the  top  of 
et  12  inches  in  the  ground,  80  feet  northeastof  the  gage.  Its 
t  is  8.80  feet  above  gage  datum.  The  bed  of  the  stream  is 
antaining  bowlders,  but  it  is  fairly  permanent.  During  1900 
wing  measureraentsof  discharge  were  made  by  Caleb  Tanner: 
Jnlf  2:  0«g»  height,  l.OS  feet;  discharge,  U  second-feet. 
Jolr  SS:  Gaga  hetght,  1.08  feet;  discharge.  12  second-feet. 
Se^ember  8:  Gage  height,  1.03  feet;  discharge,  6  seoond-teet 
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Daily  tiage  height,  infeet.ofSalina  Creek  itear  Saiina.  Ulah,/iir  1900, 


Jnlj.  kag.  anpt-  Oct.    Nor.  Der. 


iDlr.  Aa«.  Sept.'  Oct.   Mot.  Di 


1.06     l.U  ,  LW 


■  nAoffoatlS  tu  eeplembarH  nagK^e  obMerver.  bProBBii. 

HANTI   CREEK    NEAR   HANTt,    UTAH. 

This  Stream  drnius  a  small  area  in  the  Ruiitherii  portion  of  Sanpetf 
County,  Utah.  It  flows  westerly  and  enters  San  Pitch  River  near  \i\t 
town  of  Manti.  The  station,  as  originally  ejilablished  by  Caleb  Tan' 
iier  on  Aiigiisl  2,  li'W,  was  1  niilesoutheastof  the  town.  TlienidcoB' 
sisted  of  a  vertical  timber  driven  lirmly  into  the  bed  of  the  creek  tisd 
wired  1«  a  large  tiowlder  near  by.  The  benpb  mark  was  the  top  of  I 
large  rook  W  feet  northwest  of  the  gage,  marked  with  chisel  "IT.  S. 
G.  9."  Its  elevation  is  7. 14  feet  alwvegage  datum.  On  December  36, 
IStK),  the  station  was  moved  one-fourth  mile  above  the  old  gage.  U 
is  1-T  feet  above  the  speond  bridEre  in  the  ranyon.  Observations  foi 
lilOl  will  be  made  on  the  new  rod.  During  1900  three  nieaauremenl* 
of  discharge  were  made  by  Caleb  Tanner.  The  first  two  were  madt 
at  the  old  station;  the  last  one  was  made  a1  the  new  .station. 

Aagnet  2:  Gage  height.  1.58  feet;  dUcharge.  9  second-feet. 

September  7;  Oage  height,  1.52  feet:  discharge,  6  second-feet. 

December  26:  Oage  height,  l.OS  feet;  discharge,  5  aecond-feet. 

Daily  gage  height,  in  feet,  iif  Manti  Creek  near  Manti,  Utah,  for  1900. 
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8AN  PITCH  RIVER  NBAR  GUNNISON,  UTAH. 
b  llus  stream  drains  the  majoi*  portion  of  Sanpete  County,  Utah.  Its 
I  lanenil  ooaree  is  sontherly.  It  enters  Sevier  River  near  the  town  of 
|QiuiniaoD.  The  Btation,  established  b;  Caleb  Tanner  on  June  30, 
W  BOO,  is  4  miles  northeast  of  the  town  of  Gnnnisou,  at  the  ranch  of  the 
I  ihaBrTer,  J.  P.  Jensen.  The  gi^e  consists  of  a  vertical  post  driven 
r  Irmly  into  the  bed  of  the  stream  and  strongly  braced.  The  bench 
'  aaA  is  the  top  of  a  cedar  post  1  foot  in  diameter,  set  firmly  in  tlie 
;  gnniDd,  40  feet  west  of  the  gage  rod.  Its  elevation  is  5.96  feet  above 
pg«  datum.  Daring  1900  t^e  following  measurements  were  made  by 
Caleb  Taiiner: 

June  30:  Qage  height,  3.85  feet;  diecharge,  88  second-feet. 
Jafy  34:  Gage  height,  3.15  feet;  discharge,  58  tecond-feet. 
Aagiut  5:  Gage  height,  1.83  feet;  discharge,  18  second-feet. 
September  9:  Qage  height,  1.80  feet;  discharge,  1.'^  aecond-feet. 
December  37:  Gage  height,  1.78  feel;  discharge,  12  second-feet. 
DaOf  gage  height,  in  feet,  (tf  San  Pitch  River  near  Gunnison,  Utah,  for  I9oo. 
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SEVIBR  RIVER  NEAR  GUNNISON,  UTAH. 
This  stream  drains  a  lai^  area  in  the  southwent^^rn  part  of  Utah. 
It  flows  northerly  until  it  enters  Juab  County ;  then  it  maktiN  a  short 
bead  and  flows  southwesterly  until  its  waters  are  lost,  in  the  Sevier 
Sink.  The  station,  established  by  Caleb  Tanner  on  June  29,  1900,  is 
U  the  bridge  which  crosses  the  stream  4  miles  west  of  the  town  of 
^QQiiison.  The  gage,  which  is  vertical,  is  nailed  to  one  of  the  bridge 
piles.  The  bench  mark  consists  of  a  post  at  the  southeast  corner  of 
"ie bridge,  marked,  in  pencil,  "U.  S.  G.  S.  gage  B.  M,,"  and  its  eleva- 
tion is  13.23  feet  above  gage  datum.  During  lUOO  the  following  meas- 
•'fementa  were  made  by  Caleb  Tanner: 

Discharge  mtasurftnenU  of  Sevier  River  near  Ounniaon,  Utah. 
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BOISE  RITBR  NBAIC  BOISE,  IDAHO. 

This  station  is  described  in  Water-Supply  Paper  No.  38,  page  356. 
Resnlto  of  measurements  for  1899  will  be  found  in  the  Twenty-lirst 
Annnal  Report,  Part  IV,  page  411.  During  1900  tlie  New  York  Oanal 
Company  built  a  wing  dam  of  timber  and  loose  rock,  headed  about 
150  feet  below  the  station  and  extending  f lom  the  north  bank  diago- 
nally down  and  acroas  the  stream  a  distance  of  aljout  50  feet,  iu  oixler 
to  protect  the  north  bank  from  erosion.  The  construction  of  this  wing 
ilain  did  not  seem  to  interfere  with  the  flow  of  the  river  at  the  station. 
l*iiring  the  year  new  cable  supports  were  set,  bench  marks  wei-e  care- 
fally  verified,  and  the  following  discharge  niuasurcniouts  wei-e  made 
by  U.S.  Dils: 

Ducharge  mea»arementa  of  Boise  River  near  Boine,  Iiliiho. 


hel^t. 


hBltSt. 
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!'  Septeiutwrio. . . 
l|  Seiitember^n... 


OPERAnuN.S    AT    RIVER   STATIONS.   1»00. PART   V. 

Dailj/gage  height,  iufeet,  of  Boi»e  River  tuxit  Boiae,  Idaho,  for  1 


Jul    Ftib.iMu-.   Aiir.  Mky.  June  Julf. 


Sept  Oct,  ;S(.T. 


MISCELLANEOUS  DISCHAROE  MEASUREMENTS  IN  BOISE  VALLEY,  IDAHO. 

A  aeries  of  luiscellniieous  raeasui-emeiita  of  Boise  River  and  of  cnnals 
taking  wat^jr  from  it  wan  also  made  by  N.  S.  Dils,  from  September  25  W 
29,  1900.  A  similar  series  of  measurements  was  made  in  1899  (see 
Water-SuppLv  Paper  No.  38,  page  358)  and  in  1898  (see  Twentieth 
Annual  Report,  Part  IV,  pages  485  to  488). 
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diaeharge  meaaurements  of  Boise  River  and  other  ttreams  and  canals 

in  Boiae  Valley  ^  Idaho, 


Stroain. 


Botee  BiYer 

Sebrae  canal 

Seltenhorg  slough 

Riyeraide  canal 

Waste  east  of  Caldwell 

Waste  from  TenmOe  Creek 

Boise  River 

Waste  soath of  Star  Bridge. 

Eureka  canal 

Phyllis  canal 


Locality. 


Dis- 
charge. 


Settlers*  canal 


Davis  canal 

McCartT  canal 

Waste  from  Rossi  canal 

Waste  from  electric-light  works 

Rossi  canal 

Payne  canal 

ElDs canal 

Peranlt  canal 

Boise  River 

New  York  canal 

Costin  canal 

Ridenbangh  canal 

Lambarger&  Ryan  canal 

Waste  from  Cottonwood  Creek. 

Front  street  canal  

Waste  from  Carline  power  honse 

I^umers'  Union  canal 

Waste 

Dry  Creek  canal 

Waste  from  Dry  Creek 

Mlddieton  canal 

Middleton  Mill  slough 

Davis  ft  Hart  canal 

Conway  canal 

Pioneer  canal 

Middleton  Water  Company  ... 

Waste 

Waste  from  Willow  Creek 

Waste 

Boise  River 


Near  Caldwell 

Near  head 

do 

Caldwell  road  bridge 

Near  river 

Lower  road 

Star  Bridge 

Near  river 

Fifty  feet  below  head  gate 

Five  hundred  feet  below  head 

gate. 
One  thousand  feet  below  head 

gate. 

Near  head 

One  hundred  feet  below  head 

Near  river 


Sec, 


Below  waste  gate 

do 

Near  head 

Below  waste  gate 

U.  S.  O.  S.  gaging  station 

Opposite  gaging  station 

Near  head 

Two  hundred  feet  below  head. 

Flume , 

Nearriver 

Below  waste  gate 

Road  bridge 

Near  heaa 

Below  Soldiers'  Home 

Near  head 

Roadbridi 
Nearhc 

do 

Eagle  Island 

do 

Near  head 

do 

East  Middleton  Road  bridge  . ... 

Road  bridge 

East  of  Caldwell,  near  river 

Three  hundred  feet  below  Cald- 
well road  bridge. 


■feet. 

66 

100 

16 

9 

8 

16 

171 

20 

86 

46 

48 

28 
88 
42 
26 
SO 
4 

37 

85 

810 

a  10 

7 

262 

1 

8 

80 

88 

67 

7 

26 

6 

70 

100 

6 

6 

8 

38 

86 

8 

4 

240 


a  Not  used  in  computations. 
ry  of  miacellanecnis  discfiarge  measurements  in  Boise  Valley ,  Idaho, 


Second-feet. 
7er  at  Caldwell,  below  all  canals 240 

nont  by  canals 1,177 

Total 1,417 

rer  above  canalB 810 

m  waters 251 

Total 1,061 

Gain  in  34  miles    356 

per  mile,  1900 11 

permile,1899 11 

per  mile,  18d8 8 
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WEISER   KIVRR   SKAR   WKISKR,  IDAHO. 

This  stHtirtii,  L-stiiblishwl  December  C,  1894:,  is  de«crit»d  iii  Wat* 
iupply  Pjipiir  No.   aS,  jmge  :&■).     The  results  of  laeasuremeiiW  I 
,8ii!t  are  given  in  the  Twenty -first  Annual  Report,  Part.  IV,  page  i! 
rhe  now  gage  rod  from  which  observations  are  now  miule  was  local 
October  31,  lH9(i.     During  laoo  the  fnllowing  measurements  of  d 
iharge  were  made  by  N.  M.  Dils: 

May  38:  Qage  height.  3.40  feet:  dfscbarge.  3,074  second-feet. 

JiUy  33:  Gftse  height,  0.60  foot;  discharge.  87  second-feot. 
j                  Aagnst  l.-i:  Gage  height,  0.25  foot;  discharge.  47  eeeona-feet. 

The  second  measurement  on  July  23  was  made  1  mile  above  t 
■egular  station. 

Daily  gage  Itcigkt,  in  feet,  of  WeUer  IHver  near  WeUer,  Idaho,  for  1900. 
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Umt. 
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:lj  U 

BLACKFOOT   RIVER   NEAR   BONNER,    MONTANA. 

This  station,  established  .July  7,  1898,  is  at  the  wagon  bridge  oi 
half  mile  west  of  Bonner,  It  is  described  in  Water-Supply  Fni 
No.  38,  page  3(>2.  Results  of  measurements  for  181(9  will  l»e  found 
the  Twenty-first  Annual  Report,  Part  IV,  page  41'i.  During  ISKX)  t 
following  measurements  of  discharge  were  made  by  Prof.  F.  D.  Smi 
and  George  Westby: 

March  IT:  Oage  height,  1. 05  feet;  discharge,  1,094  aecond-feet. 

May  .10:  Qage  height.  3.60  feet;  disubarge,  4,593  second-feet. 

December  ir>:  Uage  height, 0..')0  foot:  discharge,. "laii  second-feet 


MOHTANA.  481 

gage  heicM,  te  /m(,  qf  Bladtfoot  Biver  luar  Bonner,  MonUma,  for  1900. 
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BATTLESNAXB  CRBBK  AT  UIBSOULA,   MONTANA. 

>  station,  established  May  27, 1899,  is  at  the  Ivy  street  bridge  in 
ater  of  the  city.  It  is  described  in  Water-Supply  Paper  No.  38, 
163.  Resnltfl  of  measurements  for  1899  will  be  found  iu  the 
y-first  Annoal  Report,  Part  IV,  page  417.  During  the  blizzard, 
latter  part  of  November,  1900,  the  wire  gage  was  broken,  and 
igs  were  discontinued.  During  1900  the  following  meaaare- 
of  discharge  were  made  by  Prof.  F.  D.  Smith: 

Ma;  19:  Gage  height,  4.37  feet;  discharge,  704  second-feet. 

June  I8:  Oage  height,  4.18  feet;  diacharga,  S15  secood-feet. 
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■  JJa3y  ga^  height,  in  feri,  of  SattUsnake  Creek  at  Muuoula,  Montana,  fi>rF. 


Jan.    Feb.    Uar,  Apr.  Haf.lJaBe.  Julf.  ADg.i'Seirt.  On. 


a> 

-g 

»     1.36    . 


nloe.  b Qiee broken:  rs&dlngs diaconUnaed. 

■  mSBOULA   HIVBR  AT  MISSOCTLA,  MONTANA.  ' 

r  MiBsoala  River  is  generally  regarded  as  formed  by  the  junction  afi 
Blackf  not  andHellgAte  rivers  at  Bonner,  Muntaua.  Hnllgate  Riverwldl 
inL'iisured  l)y  Prof.  F.  D.  Wiiiith  on  June  -21.  lilliO,  l>el.,w  B.iiiita,  at  the 
wagon  bridge  a  shi»rt.  {listain'c  above  tlie  nioutli  of  Roi-k  t'reek,  and 
a  discharge  of  1,028  second-feet  was  found.  Rock  Creek  is  an  iinp««^ 
tant  tributary  of  Hellgate  River,  entering  it.  a  few  miles  below  Bonita. 
It  was  measured  by  Professor  Smith  on  June  21,  1900,  about  6  miles 
above  its  mouth  and  about  3  miles  below  Quigley,  and  a  discbai^of 
1,670  second-feet  was  found.  Thin  creek  is  about  100  miles  long,  and 
in  spring  is  a  fierce  torrent.  At  all  times  it  probably  carries  more 
water  than  Hellgate  River. 

The  Missoula  River  station  at  Missoula  was  originally  established 
July  10, 1898,  at  tlie  Uiggins  avenue  bridge  in  the  city.  Owing  to  the 
occurrence  of  two  channels  in  this  section,  on  May  -27, 1899,  the  sta- 
tion was  moved,  being  placed  below  the  junction  of  the  two  branches 
and  150  yards  east  of  the  railroad  bridge.  During  1900  observations 
of  gage  heighI-8  were  taken  on  this  lower  rod.  The  station  is  described 
in  Water-Supply  Paper  No.  38,  page  36i.  Results  of  measurements 
for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 
pt^e  418.  During  1900  the  following  measurements  of  discharge  wef* 
made  by  Prof.  F.  D.  Smith  and  George  Westby: 

Jane  18:  Gage  height.  0.35  feet:  discharge.  8,164  second-feet. 
DeoemberSS:  Gage  height,  3.80  feet;  dlBchMgB.l.TlO  Becond-feet. 
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DaQggageJieif^t.infeet.ofMitsoi^  River  at  MUmnda,  Montana,  for  IDOu, 


Jmu.   Feb.  U&r.  Apr-i  Ua]', 


B 


a 


0.  July.  Ang.iBppi.lH 


II 


W  I  6.33     4.ai  ;  3. 


^:i:i: 


ii 


ifl.ai   3.S6   a. 

iiilll ' 


« 


BriTBRROOT  BIVER  AT  U18BOULA,   MONTANA. 

This  station,  established  July  6,  1898,  is  dt  the  Buckhouse  vsgon 
bridge.  The  gage  was  verified  June  li),  1900,  aiid  the  leogth  of  cable 
WM  found  to  be  22.83  feet.  On  December  1, 1900,  the  wire  was  again 
tteted,  and  was  fonnd  to  measure  22.95  feet,  showing  a  stretch  of 
ftl2  foot,  which  was  not  corrected.  The  station  is  dest^ribed  in  Waler- 
Snpply  Paper  No.  38,  page  368.  Results  of  measurements  for  1899 
Till  be  fonnd  in  the  Twenty-first  Annual  Report,  Part  IV,  page  420. 
!)iiring  1900  the  following  measurements  of  dischai^e  were  made  by 
Prof.  F,  D.  Smith  and  George  Westby: 

lUrcb  17:  Qage  height.  3.40  feet:  discharge,  1,ST5  aecond-feet. 
DocemberlS:  Gt^eheigbt,  1.60  feet;  discharge,  1,185  Becond-feet. 

Lolo  Creek  is  a  tributary  of  Bitterroot  River,  entering  it  from  the 
weHt,  abont  12  miles  above  its  mouth.  On  June  18,  1900,  it  was  meas- 
ured by  Professor  Smith,  at  Littleniau's  bridge,  5  miles  above  the  Lolo 
poBt^tfflce  and  above  all  ditches,  and  a  discharge  of  609  second-feet 
VM  found. 
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^gagehtigkt,  infiset,  of  BUtervDot  River  at  Mtanoula,  Montana, /or  B 

Jul.    Fab.  liar,  Apr.  Uer.ljaneJjii1r.| Aas.! 


^DaOjigi 


i.m 


-70 


a.io 

3.U 


',  s.ao   3.00 


'    3.W     1.30 

I'asn   1.2S 


i.so    : 


±m 


I.  FLATOEAD    LAKE,  MONTANA. 

*  Ou  the  western  slope  of  the  Rocky  Mountains  in  northwestern  Moa- 
tAna,  in  the  vioinity  of  Colambia  Falls,  three  large  streams  combine  til 
form  the  upper  Flatlietiil  River,  which  flow.s  through  a  rich,  fertil* 
valley  for  a  iliHtnnee  of  about  40  miles,  and  empties  int«  the  northern 
end  of  FlatheiVd  Lake.  The  several  tributaries  of  the  river  drain  * 
large  area,  a  portion  of  which  extends  northward  into  Cauada.  The 
drainage  basin  is  entirely  mountainous,  and  ia  in  a  region  of  heavy 
snowfall.  Swan  River  flows  northwardly  behind  the  Mission  range 
of  mountains,  which  rise  abruptly  on  the  eastern  shore  of  the  lake, 
until  it  finally  rounds  the  northern  end  of  the  range  and  empties  into  - 
the  lake  within  3  mites  of  the  mouth  of  Flathead  River.  These  two 
rivers  supply  nearly  all  of  the  water  which  flows  into  Flathead  LAe, 
the  other  sources  Ix^ing  small  (ireeks. 

Flalrheiul  Lako  i»  a  lurgc  body  of  fresli  water,  its  uoi'th-south  Leng^ 
about  30  miles,  its  width  varying  from  6  to  15  miles.  It  is  said  to  be 
very  deep,  although  probably  no  reliable  soundings  have  been  made. 
At  its  northern  end  Flathead  River,  which  carries  immense  quanti- 
ties of  silt,  has  formed  a  delta  or  bar.  Swan  River,  on  the  cODtrarfi 
IS  a  clear  stream,  and  carries  little  silt  into  the  lake.  At  the  soutbeni 
end  the  outlet  of  the  lake  is  Flathead  River,  a  tributary  of  Clark  Forii 
of  the  Colnrabia. 

The  valley  of  Flathead  River  requires  no  irrigation,  its  rich,  allo- 
FJa}  soil  prodneing  abundant  crops  withowi  the  aid  of  water.    On  the 
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tarary,  it  often  suffers  from  too  much  water,  by  inundation  from 
river  when,  after  a  winter  of  heavy  snowfall,  a  mild  spring,  with 
accompaniment  of  chinook  winds,  causes  too  rapid  melting  of  the 
to  produce  overflow.  The  river  has  very  little  fall,  causing  a 
fcn  wi  current;  its  course  is  sinuous;  its  banks  are  not  high,  and 
pinTiinil  them  the  valley  is  quite  level;  and  with  its  mouth  partially 
ed  by  its  own  deposits  of  silt  it  is  not  surprising  that  overflows 
rve  occurred  and  will  continue  to  occur  until  some  method  is  adopted 
Allow  the  flood  waters  to  escape  before  rising  to  the  top  of  the 
Several  plans  have  been  suggested  to  remedy  the  evil,  but 
il  measurements  have  been  obtained  of  the  flow  of  the  water  in  the 
e,  and  particularly  of  the  amount  of  flood  water  to  be  provided 
inst,  it  is  impossible  to  arrive  at  a  conclusion.  It  will  also  be  nec- 
ry  to  determine  the  quantity  of  water  passing  out  of  the  lake  and 
amount  of  evai)oration.  Ijcvel  lines  should  be  run  and  a  topo- 
K^^ttph^c  map  of  the  area  be  prepared,  after  which  it  may  be  possible 
PO  determine  a  feasible  plan  for  the  relief  of  the  farming  land  in  the 
galley  of  the  river. 

During  the  summer  of  1900  a  reconnaissance  trip  encircling  Flat- 

"kead  Lake  was  made  by  Prof.  F.  D.  Smith.     Besides  the  two  main 

'Streams  at  the  head  of  the  lake — Flathead  River  and  Swan  River — a 

dumber  of  minor  streams  discharge  into  this  body  of  water.     Among 

tihese  are  Dayton  Creek,  which  drains  a  small  area  on  the  west  side  of 

the  lake,  discharging  into  it  south  of  the  town  of  Dayton.     There  is 

a  considerable  body  of  agricultural  land  located  in  the  valley  of  this 

ereek,  most  of  it  within  the  Flathead  Indian  Reservation,  and  not 

At  present  available  for  settlement  by  whites.     Lake  Ronan,  which  is 

3  miles  long  and  a  half  mile  wide,  is  within  the  drainage  area  of 

Dayton  Creek,  and  is  reported  to  be  a  good  reservoir  site.     Dayton 

Creek  was  measured  on  June  26,  1900,  immediately  above  its  mouth, 

and  a  discharge  of  31  second-feet  was  found.     It  is  reported  that  this 

stream  is  often  dry  during  September. 

Big  Creek  enters  the  lake  from  the  west,  about  halfway  between  the 
upper  end  of  the  lake  and  the  northern  boundary'  line  of  the  Flat- 
head Indian  Reservation.  It  was  measured  on  June  26,  1900,  and  a 
discharge  of  38  second-feet  was  found.  It  is  reported  that  this  is  the 
average  amount  of  water  that  this  stream  carries  during  the  remain- 
ing months  of  the  year.  Dayton  Creek  and  Big  Creek  are  the  only 
streams  of  importance  entering  Flathead  Lake  from  the  west.  The 
first  stream  of  importance  on  the  east  side  of  the  lake  and  south  of 
Swan  River  is  Glen  Creek,  which  on  June  28,  1900,  had  a  discharge 
of  4  second-feet  near  its  mouth. 

Continuing  southward,  the  next  stream  of  importance  on  the  east 
side  enters  the  lake  near  the  ranch  of  H.  N.  Chapman,  just  l)elow  the 
northern  boundary  of  the  Indian  reservation.  Its  discharge  on  June 
29,  1900,  was  found  to  be  19  second-feet.     Four  miles  to  the  south  of 
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thin  stream  there  is  a  ureek  which  on  June  29  was  carrying  10  seo 
feet.  It  enters  the  Uke  at  the  foot  of  the  north  end  of  the  1 
G-rade,  a  dangerous  graded  roa<l  alonji!  the  lake  shore.  Four  i 
still  farther  south  is  another  smaJl  stream,  which  on  June  S9.  ] 
was  discharging  20  second-feet.  It  enters  the  lake  immediately  n 
of  the  peninsula  in  the  southeastern  corner  of  the  lake.  The 
stream  of  importance  which  enters  the  lake  south  of  this  penii 
was  disehai^ng  ii4  second-feet  on  June  29,  lt)00. 

During  this  trip  Pn>fesHor  Smitli  made  measurementfi  of  a  utu 
of  streams  which  enter  the  lower  Flathead  (Pend  Oreille)  R 
Tbey  all  are  included  within  the  Flathead  Indian  Reservation,  t 
Creek  was  meiisiired  on  June  30,  IftOO,  at  the  highway  bridge  on 
lower  bike  road,  about  16  miles  from  St.  Ignatius  Mission,  and 
found  to  have  a  discharge  of  180  second-feet.  This  stream,  with 
and  Mission  creeks,  will  be  of  great  value  when  the  reservatic 
thrown  open  to  settlement,  as  they  carry  a  ctmsiderable  amoui 
water  throughout  the  year,  and  the  many  acres  of  arable  lands 
thus  be  served  from  them.  Post  Creek  enters  the  lower  Flat 
River  10  miles  south  of  Crow  Creek.  On  Juno  30  it  was  meas 
about  a  miles  above  the  mouth  of  Mission  Creek,  and  a  dischari 
473  second-feet  was  fouud.  It  has  its  source  in  a  small  lake  '2  i 
long  and  a  half  mile  wide,  locally  known  as  McDonald  Lake. 
Iwdy  of  water  could  eaaily  bi'  transformed  into  a  large  reserve 
hold  waters  for  all  lands  below.  At  the  time  of  measurement 
Creek  was  carrying  more  than  its  normal  summer  discharge.  Mil 
Cn'ek  is  a  tributary  of  Post  Creek.  It  was  measured  on  June  S 
the  highway  bridge  in  the  limits  of  the  village  of  St.  Ignatius,  ai 
discharge  of  412  second-feet  was  found.  This  stream  is  used  for 
gation  more  than  the  other  two  creeks,  its  waters  serving  the  1; 
around  the  mission.  The  principal  ditch  is  taken  out  about  ],OU0 
above  the  highway  bridge.  It  is  +.7  feet  wide,  with  a  capacity  ol 
second-feet.  At  the  time  of  the  visit  the  ditch  was  carrying  24  sec 
feet.  Jocko  River,  a  tributary  of  lower  Flathead  River,  was  meas 
on  June  30,  at  the  Northern  Pacific  Railway  bridge,  and  a  diachar, 
660  second-feet  was  found.  Water  from  this  stream  is  used  to  a 
ited  extent  for  irrigation  purposes  in  Jocko  Valley,  and  also  at 
Indian  agency  near  Arlee,  where  a  ditch  haa  l>een  constructed  b) 
Grovemment  for  the  use  of  the  Indians. 

SWAN    BIVEK   NEAR   HOLT,    MONTANA. 

This  river  lies  in  the  basin  or  valley  in  northwestern  Mon 
formed  by  the  Swan  Range  on  the  east  aud  the  Mission  Range  oi 
west.  It  flows  northerly,  entering  Flathead  Lake  at  its  upper 
within  a  short  distance  of  the  mouth  of  the  upper  Flathead  R 
During  the  season  of  lOOO  private  surveys  were  prosecuted,  witl 
idea  of  developing  the  water  power  of  this  stream  near  its  mouth 
transmitting  electric  power  to  KalispeU,  \h  m\\«B  AraXaivV,  m  »' 
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Bk.  The  gaging  station,  which  wiut  established  by  Prof.  F.  D.  Smith 
(ft  June  28,  IdOO,  is  at  the  highway  bridge  3  miles  eant  of  Holt  and 
llhort  distance  above  the  mouth  of  the  river.  A  wire  gage  was  placed 
vitli  a  polley  distance  of  1.33  feet  and  a  length  of  cable  from  the  end 
of  the  weight  to  the  index  markerof  31.65  feet.  The  bed  of  the  river 
Ii  rocky  and  gravelly.  Above  the  station  the  stream  has  a  <;onBider- 
■Ue  fall  for  a  mile  or  more,  making  a  long  course  of  beautiful  rapids. 
On  June  38  a  measurement  of  discbarge  was  made  by  Professor  Smith, 
and  agage  height  of  4.10  feet  and  discharge  of  0.39  s«eond-foot  were 
band.  The  observer  is  E.  I..  Sliter,  who  also  has  charge  of  the  gage 
>t  the  lake. 

DaS]/  gage  height,  in  feet,  of  Swan  River  near  Holt,  Meinlana.  for  liifni. 
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FLATHEAD  LAKE  NEAR  HOLT,  UONTANA. 

On  April  24,  1900,  Prof.  F.  D.  Smith  established,  a  station  on  this 
lake  near  its  head.  The  gage  is  a  vertical  rod  fastened  secui-oly  to 
the  \ogiB  of  the  boathouse  of  the  Flathead  Club,  of  Helena.  It  in  about 
2  miles  east  of  the  mouth  of  Flathead  River.  Owing  to  the  height  of 
the  lake  at  the  time  of  the  erection  of  the  gage,  an  additional  loiigtb 
Kill  have  to  be  added  at  the  lower  end  when  thv  level  is  at  a  lower 
stage.  The  lake  wtis  calm  at  the  time  of  the  erfwrtion  uf  the  gago,  and 
read  7.05  feet;  forty-four  hours  later  the  gagf  at  Polsou,  at  the  lower 
end  of  the  lake,  read  7.15  feet.     The  observer  is  K.  L.  Sliter. 

Daily  gagr.  height,  in  feet,  iifFlalliead  Lake  near  Holt.  Montana,  fur  ;w>. 
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FLATHEAD    LAKE    AT    POLSOS,  MONTANA. 

'    This  Station,  which  in  al  the  lower  end  of  th^  l»kc..  at  the  Pol 
post-office,  was  eslabliHhed  by  Prof.  i\  D.  Smith  *m  April  3U,  ISOQt 
The  gage  is  a  Hi-foot  rod,  graduated  to  feet  and  t^iiiths,  and  nait 
to  a  double  pile  of  the  abaniloned  st^^ariibont.  pier  neai-  the  outlet 
the  lake.     From  year  to  year  the  hike  has  a  variation  in  height 
perhaps  15  feet,  and  overflows  much  hiiid  at  tiotb  eiid».     At  thetli 
of  the  erection  of  the  gage  the  level  of  the  low  water  was  about  S  feet 
above  the  low-wat«r  mark  of  18119  aa<l  IHW,  and  lueaHuremeuts  nuM 
at  an  old  submerged  piei-  showed  the  wat«>r  to  lie  alM>ut  ti  feet  aboi 
the  lowest  stage  remember«<l.     The  observer  is  He'ui->   'lliernaulC^ 
postmaster  and  Indian  trader  at  Poison. 

P     Daily  gage  luiight,  in  feet,  of  Flathead  Lake  at  Fobmi.  Montana,  for  laoo. 
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SPOKANE   RIVER   AT   SPOKANE,  WASHINGTON. 

This  station,  established  October  17,  18W,  by  C.  C.  Babh,  i.s  a  short 
ilistjiuee  al>ovc  the  Spokane  Falls,  at  the  bridge  of  the  Oregon  Bai'- 
way  and  Navigation  Company.  It  is  descrilx-fl  in  Water-Supply  snil 
Irrigation  Paper  No.  3S,  page  370.  The  results  of  measurements  for 
1890  will  be  found  in  the  Twenty-first  Annual  KejKjrt,  Part  IV,  p»J?* 
-424.  During  lllOO  three  measurenienls  of  diseharge  were  made  hj 
D.  L.  Huntington,  general  manager  of  the  Wjtshington  Water  Pow^f 
Company,  at  the  Division  street  bridge,  within  the  limits  of  the  city 
and  a  short  distance  below  the  bridge  at  which  the  i-^ular  gaging 
statioa  is  Jocated.     On  September  15,  when  the  height  on  the  Unitw 


WASHINGTON. 


489 


States  Oeolc^cal  Survey  rod  was  1 . 6  feet,  tho  waUr  level  at  tlic>  1  >ivi- 
tion  street  bridge,  referred  to  the  bottom  nf  a  certain  I  Iieaiii  of  (lie 
tmdge,  was  16.24fi  feet,  and  the  disefaai^e,  as  measured  hy  a  I'rice 
meter,  was  8,029  second-feet.  On  October  i;i  the  gage  height  wa«  1.^0 
teet,  the  wal«r  level  at  the  Division  street  bridge,  referred  lo  the 
tune  datum,  was  16.14  feet,  and  the  discharge  waH  2,23:J  setHtiul-feet. 
On  October  20  the  gage  height  was  1.8  feet,  the  water  level  at  the 
DiTlsion  street  bridge  Ifj.OO  feet,  and  the  disi'liarge  d,287  Heeonil-feet. 
During  1900  the  following  aieasurenieutH  of  discharge  wen^  made  at 
fiie  regular  station  by  Sydney  Arnold: 

Hfty  17:  Oage  height,  6.5  feet;  diacbftrge,  lit,6l3secon<l-feet. 

Jnne  14:  Uag»  height,  4. 1  feet:  digcharge,  7,493  Eecond-feet. 

DaU/ffagt  height,  in  /ee(,  of  Spokaiie  River  at  Spokam:  Wasliingtun ,  fiir  Hiiri. 
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LAKE  OHELAN    AT   LAKESIDE. 

This  station  is  described  in  Water-Supply  I'aper  No.  SH,  pjtge  371. 
"^e  gage  was  established  by  Capt.  Cliarle«  .lohnson  on  Sept<'inbcr  1, 
1897,  at  the  base  of  the  rock  pier  on  the  lake  shore  north  of  his  house, 
about  a  half  mile  from  the  steamboat  landing.  The  bench  mark  is  a 
iTnited  Slates  Geological  Survey  iron  p<»8t,  with  the  elevation — 1,121 
teet  above  the  sea  level — stamped  on  the  t*»p.  It  is  just  21  feet  above 
the  datum  of  the  gage,  so  that  to  obtain  trhe  elevation  o£  the  surface 
of  the  lake  above  sea  level  1,100  feet  should  he  ivddcd  lo  the  rod  i-ead- 
ings.     No  records  of  the  height  of  the  lake  were  taken  during  1900. 


i 
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NACHES   RIVER   AT   NORTH    YAKOIA,  WASmNOTON, 

The  original  atatioo  on  this  river  was  established  August  U,  l!» 
as  abandoned  in  18!i7,  and  another  was  established  February- 1,  IW****):! 
easQrements  are  made  from  the  downati'eam  side  of  the  hi^hvt^^~»» 
idge  about  aoo  feet  above  the  Noi-theni  Paciflp  RuilrttHd  briilps 
he  river  ha«  considerable  fall,  and  the  water  ean  easily  be  dixf 
J  means  of  comparatively  short  canals.  On  this  account  it  ii  c 
■eat  value  for  irrigation  and  power  purposes,  and  is  the  sonrwc 
ater  supply  and  power  for  the  Vakinia  \^'at*r.  Light  and  Power  O 
my.  Results  of  measurements  will  Ih>  found  a«  follows:  For  l^W 
ightt'enth  Annual  Report,  Part  IV,  page  3fi6;  for  18i>8,  Tweitti.-cA  i 
nnual  Report,  Part  IV,  page  503;  for  180!),  Twenty-flrwt  AntmaJ  J 
eport,  Part  IV,  page  426.  During  lifOO  the  following  metkHureuwDlt  f 
ere  made  by  Sydney  Arnold : 


Ditcharge  meaxureme/ilii  of  Nachm  Ritvr  itl  North  Viihinui.  Waahiiigtim. 


OagB 
lelght. 


Guv    I 
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tUy  gaga  height,  in  feet,  afNaeh^  JHvtr  at  North  l'akwta,Wa«hitigtoa,forOti:.  1^^ 
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TAKIMA  BIVBR  AT  UNION  GAP,  WASHINGTON. 

lis  river  has  its  source  in  Keechelus  I^ke,  on  the  east>ern  slope  of 
!)a8cade  Mountains,  in  Kittitas  County,  Washington.  A  short  dis- 
e  down  it  receives  the  waters  of  Kachess  Lake,  and  2^  miles  above 
lam  it  receives  the  outlet  of  the  last  of  the  three  large  headwater 
J,  namely  Lake  Clealum.  The  valley  of  the  river  is  compara- 
y  narrow  until  the  vicinity  of  Ellensburg,  where  considerable 
ation  is  practiced,  is  reached.  There  it  widens,  and  at  the  lower 
jf  that  valley  it  enters  a  canyon  20  miles  long.  After  entering 
ima  County  it  flows  into  Selah  Valley,  a  plain  4  miles  in  length, 
le  lower  end  of  which  it  passes  through  a  narrow  gap  to  enter 
ima  Valley.  TThis  section  is  extensively  irrigated,  being  served 
3ipally  by  canals  from  Naches  River.  Six  miles  below  North 
ima  the  river  passes  through  what  is  known  as  Union  Gap,  and 
enters  its  lower  valley — comprising  the  Parker  and  Sunnyside 
icts  and  the  Yakima  Indian  Reservation — which  extends  to 
la.  Yakima  River  enters  Columbia  River  23  miles  below  this 
b,  and  just  above  the  town  of  Pasco. 

le  gaging  station  at  Union  Gap  was  established  August  14, 1893. 
6  miles  below  North  Yakima,  about  1,000  feet  below  the  highway 
^e,  and  about  3  miles  above  the  head  gate  of  the  Sunnyside  canal, 
g^age  rod  is  inclined,  and  is  attached  to  a  willow  stump  and  to  posts 
u  the  ground.  The  bench  mark  is  the  highest  point  of  a  large 
mound  25  feet  north  of  the  gage  and  10  feet  east  of  the  fence, 
is  at  an  elevation  of  17.52  feet  above  gage  datum.  The  equip- 
)  consists  of  cable,  car,  and  tagged  wire.  The  station  is  of  value 
itermining  the  amount  of  water  available  for  the  extensive  irri- 
9  lands  below.  The  results  of  measurements  will  be  found  as 
ws:  For  1896,  Eighteenth  Annual  Report,  Part  IV,  page  358; 
L897,  Nineteenth  Annual  Report,  Part  IV,  page  479;  for  1898, 
Dtieth  Annual  Report,  Part  IV,  page  500;  for  1899,  Twenty-first 
ual  Report,  Part  IV,  page  427.  During  1900  the  following  nieas- 
lents  of  discharge  were  made  by  Sydney  Arnold : 

May  25:  Gage  height,  6.45  feet;  discharge,  4,728  second-feet 
May  30:  Qage  height,  6.20  feet;  discharge,  4,110  second-feet. 
August  1:  Gage  height,  4.40  feet;  discharge,  1,051  second-feet. 
September  1:  G^age  height,  4.40  feet;  discharge,  1,066  second-feet. 


|i42  OPERATIONS    AT    RIVER   aTATtON'S,   IftOO. — PART   V.       I 

Oailg  gage  height,  in  feet,  of  YaHvia  fiiwr  at  Union  Gap.  Waahingtan.  foi 


Mat.  Apr.  UBy.lJntH.i  Jnlf.  Aug-  Sept-' 


YAKIMA  RIVER   AT  KIONA,    WASHINGTON. 

■  This  station,  establisheii  August  20,  1895,  ih  on  tlie  highway  h 
kt  Kiona.  It  is  described  in  \Vat«i'-Sapply  Paper  No.  38,  page 
Results  of  measurements  will  l>e  found  as  follows:  Forl89tJ,  Eighb 
Annual  Report,  Part  IV,  pa^^e  :Jo9;  for  1897,  Nineteenth  Ai 
Report,  Part  IV,  page  48i;  for  1808,  Twentieth  Annual  Report, 
IV,  page  502;  for  189!!,  Twenty-first  Annual  Report,  Part  IV, 
428.  During  1900  the  following  discharge  measurements  were 
by  Sydney  Arnold: 

May  "i:  Gage  height,  S.otJ  feet;  disi'hargo.  8,312  second-feet. 
Hb;  38:  Gage  height,  6.70  feet:  dischargi;.  4.450  eecondfeet. 
June  T:  Qage  height,  6.63  feet:  discharge,  4.:]51  second-feet. 
Jane  30:  Gbkc  height,  5.60  feet:  discharge,  2,987  second-feat. 
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Dai^giifiel>'iifiit,i'if«^-of  Yakima  River  al  Kimia,  Wtinhington,  for  taoo. 


Pel).  Mar.  Apr,  Ifay.  Juno.  Jnlf.  Ann.  '^pt.  i 
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nSCELLANEODS    DISCHARGE     MBASURBHENT3    IN    YAKIMA     COUNTY, 
WASHINGTON. 

During  the  year  Mr.  Sydney  Arnold  made  mincellaneons  discharge 
neasnrementiB  of  a  number  of  streams  in  Yakima  County,  Washing- 
CD,  as  described  in  the  following  table: 

Mi»oeUaneou»  discharge  meastirementa  in  Yakiitui  County,  Washington. 


I«0. 

sec.a3.T  ew 

£11  s| 

*c.-/^. 

....    AtanamRlyer.HonlhPork 

....    Klickitat  BlTer. Gold  Fork 

....   Klickitat  Bl»er,Dt«moiid  Fork. 

PALOU8E   RIVER    NEAR   HOOPKR,  WASHINGTON. 

This  station,  establislied  SeptemlK'i" !),  18D7,  is  opposite  the  water 
nk  of  the  rrtilroad  company  near  Hooper.  It  is  descritjed  in  Water- 
ipply  Paper  No.  38,  page  360,  The  discharge  measurements  are 
ade  from  a  ear  suspended  from  a  light  steel  cable  about  50  feet 
>ove  the  gage.  Results  of  measurements  will  bo  found  as  follows: 
or  1897,  Nineteenth  Annual  Report,  Part  IV,  page  4fi0;  for  1898, 
wentieth  Annual  Report,  Part  IV,  page  489;  for  1899,  Twenty-flrst 
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jinual  Repoil,  Pan  IV,  page  414.     DnrinK  1900  nne  ilischarffe  aeah 
remenl  was  made  liy  Sydney  Arnold,  as  follows: 

.Inne  S:  Qage  beiefat.  2.05  feet:  discbar^.  2S3  Berona-f«et. 

Oaiiygagehtighl.in/ett.ofPatoum  River  7t«ir  Hooper.  \Va»hingfon.for  im.. 
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ThiB  station,  ostablishcd  July  2G,  189G,  is  a  lialf  mile  west  of  the 
railroad  station.  It  is  described  in  Water-Supply  Paper  No.  38,  page 
376.  Results  of  measurements  will  l>e  found  as  follows:  For  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  3(11 ;  for  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  493;  for  I89S,  Twentieth  Anouftl 
Report,  Part  IV,  page  515.  There  wei'e  no  measurementK  of  dis- 
charge made  at  this  station  in  IStlli  and  190U. 
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m  heiffiU,  in  feet,  of  Umatma  River  at  OObon,  Oregon,  for  1900. 
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RITXR  AT  HORO,  ORBOON. 

Btation  was  established  October  19,  1897,  being  3  miles  above 
known  as  the  Free  Bridge,  and  16  miles  east  of  The  Dalles. 

scribed  in  Water-Supply  Paper  No.  38,  page  377.     Resnlte  of 

ements  for  1898  and  1899  will  be  found  in  the  Twenty-Smt 
Report,  Part  IV,  page  433.    The  station  was  diBcontlnaed 

>er  31,  1899. 

HOOD  RIVER  AT  TUCKER,  OREQON. 

station,  established  October  20,  1897,  is  5  miles  south  of  Hood- 
regon.  It  is  described  in  Water-Supply  Paper  No.  38,  page  380. 
.  of  measurements  for  1898  and  1899  will  be  found  in  the 
-first  Annual  Report,  Part  IV,  page  435.  The  station  was 
inued  December  31,  1899. 

WHITE  RIVER  NEAR  BUCKLEY,  WASHINGTON. 

station,  established  April  22,  1899,  is  at  the  new  highway 
KK)  feet  above  the  Northern  Pacific  Railroad  bridge  and  a  half 
rth  of  the  town  of  Buckley.  It  is  described  in  Water-Supply 
No.  38,  i>age  381.  Results  of  measurements  for  1899  will  be 
D  the  Twenty-first  Annual  Report,  Part  IV,  page  437.    Dnr- 
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ing   l!HW   the  followinu  ineasiircments  of  ilisflharftp  wer*"  moAe  ]\ 

Sydnpy  Ai-nold : 

May  22:  Oage  lieight,  1.73  fwt;  ilischarge.  1,82U  Becoud-foel. 
^                June  1;  Ga^heiglit.  t.rir>feet:  discharge.  1.5tiOBecond-feet. 
L               June  -iS;  Oage  height.  1.88  feet;  diachflrge.  a.lM  second-feet 

,     DaQy  gage  height,  in  fe>^t,  of  WhiU  River  near  Buckley.  VVaghingloii.  /or  Jm^ 
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DDNUENESS   RIVER  AT   DUffQENESS,  WASHINGTON. 

This  fltatiou  as  originally  established,  July  5, 1897,  was  9  miles abow 

the  month  of  the  river.     On  July  29,  189a,  it  was  moved  to  the  bridge 

a  sandbar  under  the  rod,  the  gage  was  moved  July  3,  lOOO,  to  another 
part  of  the  bridge.     In  its  pi-esent  location  the  zero  end  of  the  rod  is 
exaotly  opposite  the  ceuter  of  the  third  vertical  iron  brace  from  tbfl 
northwest  end  of  the  bridge.     The  length  of  the  wire  gage  cable  a 
24  feet  and  11  inches.     The  station  is  described  in  Wat^r-Siipplf 
Paper  No.  38,  page  :i83.     Results  of  measurements  for  189l(  will  be 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  438.     Durin)! 

Ware: 

Diactuirge  meamiremenU  of  Dungen^M  River  at  Dutigenesn.  Washington 
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t  heif^,  in /bet,  of  Dungenett  River  at  Dungenem,  Wnthingtoa,  /or  lOoii, 
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KLWHA  BITER  AT  MODONAU),  WASmNOTON. 

bia  station,  establislied  October  8, 1897,  is  at  the  new  county  bridge 
lies  southwest  of  Port  Angeles.  It  is  described  in  Water-Supply 
ler  No.  38,  p^e  384.  Results  of  measurements  for  1899  will  be 
ad  in  the  Twenty-first  Annual  Report,  Part  IV,  page  439.  During 
)  the  following  measurements  of  discharge  were  made  by  W.  J, 


Diaeharge  meiuuremenU  o/  Elwha  River  af  McDonald,  W<iahingtoi 
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vAnltf  goff^  heighi,  in  feet,  of  Elmha  Rixtr  at  McDonald,  Wtuhiai/ton,  Jar  ISt 


Ju.    Feb.   Mar.  A|>r.   HBy.Jime.  Jnl^.  Adb.  S«pt.  Oct    Iff 
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OALOWA    KIVEK   near    forks,   WASHINGTON. 


^^Thia  station,  established  November  12,  1897,  is  at  the  county  hij 
^ay  bridge  in  the  soiithweeteni  part  of  Olallam  County,  near  Fori 

W^Lshi Hilton.  It  isdeeoribefl  in  Wat.er-Silppiy  Paper  No.  :i^,  pappSi 
Reaiilts  of  meaaui-einents  for  18119  will  be  found  in  the  Twenty-fii 
Annual  Report,  Part  IV,  page  A+1.  During  I'JOO  the  following  mei 
urements  of  discharge  were  made  l»y  W.  J.  Ware; 

March  2:  Qage  beigbt:  li.S.'i  feet:  discharge.  1.234  eecond-feet. 

May  27:  Qage  height,  3..i0  feet:  discbarge,  1,60H  second-foet. 

Jiily36:  Gage  height,  1.20  feet;  di^^cbiirge,  20.7  second-feet. 

Deceml>er  I."i;  Uage  height.  (i.TO  feet:  liiscbai^.  4.4'J6  eecond-feet 


WASHraoToir. 

^^gofft  height,  tnftet,  of  Citiomi  River  tuar  Forkt,  Wathingttm,  fo 


SOLKDUCK  BIVBR  NBAR  QUILLAYTJTK,  WABHINOTON. 

is  station  was  established  NoveiDber  13,  1897,  at  the  ooanty 
vay  bridge  9  miles  northeast  of  Lapush,  near  Quillayute.  On 
h  31,  1900,  it  was  discontinued  temporarily,  on  avouiint  uC  the 
-action  of  the  bridge  to  make  room  for  h  now  one.  The  new 
^  WBB  completed  on  December  -23,   1900,  and  obHCrvationu  of 

heights  were  resumed  on  that  date.  The  length  of  the  cable  of 
lew  gage  is  4S  feet.  The  distanct;  from  the  inside  of  the  pulley 
!l  to  the  end  of  the  rod  is  4!)  inches.  The  ntatioii  i«  described  in 
er-Supply  Paper  No.  ;W,  page  380.     Kesults  of  niea»iirement«  for 

will  be  found  in  the  Twenty-first  Anuual  Report,  Part  IV,  page 
During  IflOO  the  following  meaflureinenls  of  discharge  were 
ehy  W.  J.  Ware: 

Much  2:  Ctage  belgtit,  4.-10  feet;  discharge.  1.331  secDnd-feet. 

July  25:  Discharge.  .V>0  Bscond-feet. 

December  14:  Qage  height, 6.70  feet;  discharge,  S,W4  second-feet. 

he  meaBuremeiit  on  July  25  was  nuvle  (i  miles  above  the  station. 
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JJaap  gagt  height,  in  feet,  t^BokduOc  River  near  QKiOa^U,  Wiukingttm.forl 


\ 


NonL— Mo  record  from  ^rf  1 1 


>  DoiniiitKr  a-,  tiuw  bridge  balng  erectod. 


UlSCBLLANSOUB  UISCHAROE    MEASUREMENTS    IN   NORTHWESTERS 
WASHINUTON, 

During  the  year  WiUiain  J.  Warn  mado  miscellaneous  dischu^ 
measurements  of  a  number  of  Htreani»  iu  noriliweatem  Washing 
te  follows: 

liiaoellajteowi  dixharge  metisurementt  in  iiortliwentern  Wiuthitigtof: 


JnljSO  

August  33... 
October  W . . 


.    PrabtRIi' 

.    CUluD  R 


.  I  Near  Port  AbbsIw 
-   Near  McDotmld   ,. 


.   Two  oni)  ono-bi 


SACRAMENTO  RIVER  AT  JELLYS   FEBRV,  CALIFORNIA. 

This  station,  establinhed  April  30,  1895,  is  12  miles  alwve  the  town 
of  RedblufF,  at  the  crossing  of  the  county  bridge  at  Jellys  Ferry.  It 
is  described  in  Water-Supply  Paper  No,  38,  page  387.  Results  of 
measurements  for  18i>'J  will  l>e  found  in  the  Tweuly-first  Annual 
Report,  Part  IV,  page  446.  During  19U0  the  following  measurements 
of  discharge  were  made  under  the  direction  of  J.  B.  Lippincott: 

Febro&ry  17:  Gage  height,  G.80  feet:  discharge.  H,374  second-feet. 

April  29:  Gafce  height,  7.10  feet;  discharge,  d..58i>  sucond-feet. 

May  30:  Gage  height,  8,40  feet;  discharge,  7,173  second-feet. 

September  20:  Oage  height,  5  feet;  discharge,  4,105  second-feet. 

December  18:  Gage  height,  10  feet;  disobarge,  18,361  second-feeL 
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NOETH  TUBA  EIVBB  NBAB  NOBTH  SAN  JUAN,  CALIFORNIA. 
This  stAtion,  establUIied  July  3,  1900,  is  at  the  Yuba  Power  Com- 
ma's dam.  Tbe  cliaonel  is  irregular,  vompo^d  of  gravel,  Band,  and 
ay,  and  is  subject  to  change  during  flood  discharges.  During  1900 
le  following  measurements  of  discharge  were  made  by  H.  D.  H. 
onnick: 
itdiarge  mea»urementt  of  North  Yuba  River  ii 


ir  North  San  Jtian,  Califor 


Gage 
belsht. 


JalT31... 
AugilBt  9 
Augunt  10 


Wt,  gage  height,  ia 

feet,  of  North  Yuba  River  near  North  Sa 
for  1900. 

<iJuat 

,  Calif 

omia. 

D.T. 

j^.. 

AnB. 

Sept 
!.B 

Oct. 

Is 

l.T 

i;l 

l.B 

D„.              .u„. 

A.,. 

Sept. 

OCL 

.fl 

'.a 

:i 

: 



J» 

.5' 

i"-- 

:::::::::::.:::: 

i;;;;;;::;;:;;;: 

!! 

l.fl         V!, 

\  -^'y;;;;;:. 

452  OPKRATIUNS    AT    BIVER   aTATIONS,   1900.  —  PART  T.      M 

MIDDLE    YUBA    RIVER   NEAR   NORTH   8AH  JPAN,  CALIFORSU. 

This  Station,  eHtabllshed  July  1, 1900,  is  at  Freeumn's  bridge.  H 
channel  is  composed  of  atmd  and  g;ravel,  mcenlly  built  ap  byddl 
from  the  mines  above,  and  is  subject  to  change  during  flood  hagU 
During  I'JOO  the  following  lueasuremeiits  of  discharge  weremsdij 
H.  D.  H.  Connick: 


DMcharge: 
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YUBA   BIVER  NEAR  SMARTVtLLE,    CALIFORNIA. 

ThJH  station,  established  June  28, 1900,  is  at  Parks  Bar  Bridge.  1 
ing  recent  years  the  cliannel  of  the  river  has  been  filled  with  sand 
gravel,  brought  down  from  the  hydraulic-mining  camps  in  the  iii< 
tains  above,  and  thus  is  subject  to  change  during  flood  stages, 
ing  1900  the  following  measurements  of  dischai^  were  mad' 
H.D.  II.  Connick: 

Discharge  meaxurementii  of  Yvba  River  near  SmartviUe,  California, 
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Offe  height^  in  feet,  of  Yuba  River  near  SmartvUle,  Ccdifomia,  for  1900, 
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CACHE  CREEK,   CALIFORNIA. 

stream  is  the  outlet  of  Clear  Lake,  in  Lake  County,  California, 
southeasterly,  its  flood  waterr.findinjijtheir  way  into  Sacramento 
•etween  the  mouths  of  Feather  and  American  rivers.  In  1889 
ake  was  segregated  as  a  reservoir  site,  as  described  in  the  Thir- 
Ainnual  Report,  Part  III,  pages4()oto  400.  During  1  OCX)  a  hydro- 
!  examination  of  the  entire  basi  n  of  Cache  Creek  was  made  by  A.  E. 
er,  whose  detailed  rejK)!^,  has  been  published  as  Water-Supply 
"^o.  45.  During  the  course  of  his  investigations  the  following 
ge  measurements  were  made  of  the  creek  and  its  tributaries: 
Discharge  measurements  of  Cache  Creek  and  its  tributaries. 
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MIDDI^B   YUBA   RIVEH  NEAR  NOETH   SAN  JUAN,  CAUfOIUU. 

This  Btation,  established  July  I,  1900,  is  at  Freeman's  brid^.  1)| 
channel  is  composed  of  sand  and  gravel,  recently  built  up  bjdfla 
from  the  mines  above,  and  is  subject  to  change  during  flood  hei^ 
During  190<)  the  following  measurements  of  discharge  wereiualt^ 
H.  D.  R.  Connick: 

DCneharpe  tneaimrementii  of  Middle  I'u&a  Bwnr  near  North  San  Jtuin, 
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YUBA  RIVER  NEAR  SMARTVILLE,   CALIFOBNIA. 

This  station,  establisheil  June  28, 1900,  is  at  Parks  Bar  Bridge.  Dn 
ing  recent  years  the  channel  of  the  river  has  been  filled  with  sandii 
grnvfl,  bronght  down  from  the  hydraulic-mining  camps  in  the  mot 
tains  al)ove,  and  thus  is  subject  to  change  during  flood  stages.  D' 
ing  1900  the  following  measurements  of  dischai^  were  made 
H.D.H.  Connick: 
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tHy  gage  height,  in  feet. 

of  Yuba  River  near  SmartvUley  Caiifoniia,  for 
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2.3 
2.1 
2.1 
2.2 
2.1 
2.1 

9  9. 

2.2 
2.2 
2.2 

18 

10 

20 

2.1 

21 

2.1 

23 

2.1 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 

23 

Zi 

25 

28 

27 

28 

29 

30 

;jl 

*  3.T 
3.0 

3.0 

2.0   

2  0 

•>  3  1         *>  1 

• 

'i 

CACHE  (^REEK,    CALIFORNIA. 

'his  stream  is  the  outlet  of  Clear  Lake,  in  Lake  County,  California, 
ows  southeasterly ,  its  flood  waters  finding  their  way  into  Sacramento 
er  between  the  mouths  of  Feather  and  American  rivers.  In  1889 
ar  Lake  was  segregated  as  a  reservoir  site,  as  described  in  the  Thir- 
ith  Annual  Report,  Part  III,  pages  405  to  400.  During  1 900  a  hydro- 
phic  examination  of  the  entire  ba«in  of  Cache  Creek  was  made  by  A.  E. 
mdler,  whose  detailed  repoH  has  been  published  as  Water-Supply 
)er  No.  45.  During  the  course  of  his  investigations  the  following 
charge  measurements  were  made  of  the  creek  and  its  tributaries: 
Discharge  measurements  of  Caehe  Creek  a^id  its  tributaries. 


>ate. 


Stream. 


1900. 
25. 
27. 
•  29. 
17. 
20. 


21 
23 


24. 
29! 


•  28. 

•  80. 


20. 

27. 
)29. 
•  30. 
.27. 
>dO. 


8 
12 


16 


Cache  Creek. 
do 


do 

do 

do 

do 

do 

Adams  ditch., 
(^che  Creek. 

do 

Moore  ditch  . 
Cache  Creek. 


....  do 

do 

...do 

.....do 

do 

do 

Moore  ditch 

Cache  Creek  

.....do 

do 

Tale  canal 

Cache  Creek 

do 

North  Fork 

do 

Bear  Creek 

Lone  Valley  Creek.. 

Wolf  Creek.. 

North  Fork 

Bartlett  Creek 

Stanton  Creek 

North  Fork 

Scotts  Creek 

Middle  and  Clover 

creeks. 
Kelsey  Creek 


Point  of  measurement. 


Hydrographer. 


At  Ramsey I  A.  E.  Chandler.:.. 

At  Bear  Creek i do 

At  North  Fork ' do 

At  Clear  Lake ; do 

At  Rumsoy ■ do 

At  Tancred i do 

AtCapay i do 

r.. I do 

At  Madison [ do 

At  Moore's  dam , do 

' do 

At  Stevens's  bridge do 

At  Runisey 

At  Tancred 

Five  miles  above  Cajmy 

AtCapay 

At  Esparto 

At  Madison  bridge 


J.  M.  Wilson 

do 

do 

do 

do 

....do 


I do 

At  Stevens's  bridge ' do 

At  Nelson's  bridge ...I do 

At  Cache  Creek  Sink do 

opposite  Woodland I do 

At  Clear  Lake , do 

One-fourth  mile  above  Rumsey do 

At  mouth 

Above  Long  Valley  Creek 

At  mouth I do 

do I do 

One  mile  ab<n'e  mouth I do 

Above  Bartlett  Creek ! do 


A.  E.  Chandler. 
....do 


At  mouth 

do 

At  Little  Indian  Valley 

Eight  miles  above  Clear  Lake. 
At  Upper  Lake 


Two  miles  above  Kelsey  ville do 


do 

do 

.do. 

.do 

.do 


Dis- 
charge. 

SeC'/t. 

189.0 

166.0 

161.4 

106.0 

92.6 

80.4 

88.1 

6.8 

54.6 

60.0 

49.4 

20.4 

166.8 

167.5 

173.6 

161.6 

162.7 

140.9 

60.6 

76.8 

63.0 

5L3 

29.7 

30.6 

27.6 

5.1 

6.4 

1.8 

2.9 

0.5 

3.3 

1.4 

L5 

2.8 

0.6 

L5 

4.6 
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■  MIDDLK    YITBA   RIVER  NEAR    NORTH    8AK  JUAJJ,  CALIFORNIA. 

This  Btation,  established  July  ],  IflOO,  is  at  Frwjtnan's  bridge.  Till 
channel  is  fomposed  of  luiiid  and  grnvel,  recently  built  up  by  d^ljiii 
from  the  mlneH  above,  and  is  subject  to  cliango  during  flowl  beigitl 
During  ICOO  the  following  measurements  of  discharge  were  madelq 
H.  D.  H.  Connick: 


DincJiar^  m 


ninynumtH  of  Middle  Y-nlMi  Rivernear  A'ortA  San  Juan,  CalifoT 


beiftat.    flMTgv. 


JbItI. 


191  Anffnatll 

l«l  AngBBt  U 

IM  AngiutlB. 

lU  AQKOBta) 

IIS  Se^emberU.. 


Daity  gage  height,  in  feet,  of  Middle  Ytiba  Biver  war  North  Siin  Jtian,  Cat^ontk 


Jn)y.      Aug.   I  Sept. 


YDBA   RIVRR  NKAH   8MARTVILLE,    CALIFORNIA. 

This  station,  established  June  28, 1900,  is  at  Parks  Bar  Bridge.  Dll^ 
ing  recent  years  the  channel  of  the  river  has  been  filled  with  sand  snd 
gravel,  brought  down  from  the  hydraulic-raining  camps  in  the  moun- 
tains  alwve,  and  thus  is  subject  to  change  during  flood  -ntagee.  Dur- 
ing 190(1  the  following  meaBurements  of  discharge  were  made  W 
H.  D.  H.  Connick: 

Discharge  'meaanremeiitx  of  Yvba  River  near  Sviartviile,  California. 


- 

Frrt 
8.  IB 

2.H 

11 

Sll   L 

m 

z: 

». 

oHin* 

iwn. 

"■•i 

AuunBtffl.      

'".'".          B.91 

_ 

CALIFOBITIA. 
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fe  height^  in  feet. 

of  Yviba  River  near  Smartville,  Caiifom 

ta,/or 

1900. 

DA. 

Jnlj. 

Aug. 

Sept. 

Oct.    1 

i    Day. 

Jane. 

1 
July.     Aug. 

^3ept. 

Oct. 

2.9 
2.9 
8.0 
2.8 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.7 
2.6 
2.6 
2.5 
2.5 
2.5 

2.3 
2.8 
2.2 
2.2 
2.2 
2.2 
2.3 
2.2 
2.3 
2.1 
2.2 
2.2 
2.2 
2.3 
2.1 
2.2 

2.1 
2.1 
.   2.1 
2.2 
2.4 
2.3 
2.2 
2.2 
2.2 
2.1 
2.2 
2.3 
2.4 
2.6 
2.4 
2.4 

2.0 
2.0 
3.1 
8.0 
2.4 
1.9 
1.5 
1.3 
1.3 
1.2 
1.2 
1.3 
1.2 

17 

2.5 
2.4 
2.4 
2.4 
2.3 
2.4 
2.5 
2.4 
2.5 
2.4 
2.3 
2.3 
2.4 
2.3 
2.3 

2.1 
2.2 
2.2 
2.2 
2.3 
2.4 
2.2 
2.3 
2.1 
2.1 
2.2 
2.1 
2.1 
2.3 
3.1 

2.2 
2.2 
2.2 
2.1 
2.1 
2.1 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 
2.0 

18 

10 

20 

21 

22 

23 

24 

— 

25 

28 

— 

27 

38 

29 

30 

31 

"■■3.T 
3.0 
3.0 

........ 

........ 

........ 

— 

1 
1 

CACHE  CREEK,    CALIFORNIA. 

ream  is  the  outlet  of  Clear  Lake,  in  Lake  County,  California. 
mtheasterly,  its  flood  waters  finding  their  way  into  Sacramento 
iween  the  mouths  of  Feather  and  American  rivers.  In  1889 
ce  was  segregated  as  a  roserv^oir  site,  as  described  in  the  Thir- 
inual  Report,  Part  III,  pages  405  to  409.  During  1900  a  hydro- 
scamination  of  the  entire  basi  n  of  Cache  Creek  was  made  by  A.  E. 
,  whose  detailed  repoi*t  has  been  published  as  Water-Supply 
).  45.  During  the  course  of  his  investigations  the  following 
>  measurements  were  made  of  the  creek  and  its  tributaries: 
Discharge  measurements  of  Cache  Creek  and  its  tributaries. 


Stream. 


Cache  Creek. 
do 


do 

.....do 

.....do 

do 

do 

AdamB  ditch. 
Cache  Creek. 

do 

Moore  ditch  . 
Cache  Creek. 
do 


.....do 

...do 

....do 

do 

do 

Moore  ditch 

Cache  Creek  

.....do 

do 

Tule  canal 

Cache  Creek 

do 

North  Fork 

do 

Bear  Creek 

Long  Valley  Creok . . 

Wolf  Creek 

North  Fork 

Bartlett  Creek 

Stanton  Creek 

North  Fork 

Sootts  Creek 

Middle  and  Clover 

creeks. 
Kelsey  Creek  . .  


Point  of  meaHuroment. 


Hydrographer.     ^^j^ 


At  Rumsey 

At  Bear  Creek 

At  North  Fork 

At  Clear  Lake do 

AtRumsey ' do 

At  Tancred i do 

AtCapay | do 

I do 

At  Madison ■ do 

At  Moore's  dam ' do 

t do 

At  StevenH*8  bridge 

AtRumsey 

At Tancred 

Five  miles  above  Caijay 

AtCapay 

At  Esparto 

At  Madison  bridge 


.do 

M.  Wilson 
-do 


At  Stevens's  bridge 

At  Nelson's  bridge 

At  Cache  Creek  Sink 

opposite  Woodland 

At  Clear  Lake 

One-fourth  mile  above  Rumsey . 

At  mouth 

Above  Long  Valley  Creek 

At  mouth 

do 

One  mile  above  mouth 

Above  Bartlett  Creek 

At  mouth 

do 

At  Little  Indian  Valley 

Eight  miles  above  Clear  Lake.. 
At  Upi>erLake 


....do 

...do 

...-do 

....do 

....do 

...do 

...do 

....do 

...-do 

...-do 

...-do 

A.  E. Chandler... 
...-do 


.do 

.do 

.do 

.do 

.do 

.do 

-do. 

.do 

.do 


Two  miles  al)ovo  Kolsoy  villo do 


Sec.-ft. 

180.0 

156. 0 

161.4 

106.9 

08.6 

80.4 

88.1 

6.8 

54.6 

60.0 

40.4 

20.4 

166.8 

167.5 

173.6 

161.6 

158.7 

140.9 

60.5 

75.8 

53.0 

5L3 

20.7 

30.6 

27.6 

5.1 

6.4 

1.8 

2.9 

0.5 

3.3 

L4 

L5 

2.8 

0.6 

L5 

4.6 


I  SI— 01. 
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'  SALINAS   RIVER   NEAR   aALISAS,  CAUFORNIA. 

P  SsliiiAs  River  rises  iu  San  Luie  Obispo  Couiity,  flows  in  »  omU 
westerly  direction  through  Salinas  Valley,  and  dischar(^(^■^  into 
Bay  of  Monterey.     The  crest  of  theCoasl  Range,  locally  known  as  It 
Siuita  Lueia  MountaiOH,  forniH  the  boundary  of  the  waU'i-shed  on  11 
south  and  west ;  the  crest  of  the  (iahilau  Muunlains  forms  the  eas 
boundary  of  the  waterahed.     The  total  area  drained  is  a  little 
than  5,00(1  sqnar'e  miles.     The  principal  tribiitAries  of  tlie  river  A 
the  etUitem  slopes  of  the  Santa  Lucia  Mountains,  and  are  Nacimtflj 
and  San  Antonio  creeks  and  the  Arroyo  Seco.     The  only  imp(»ti 
stream  entering  from  the  east  is  San  Lorenzo  Creek,  wliLch  dr^nsti 
western  slopes  of  the  Gabilan  Moiintaiiis. 

ice  survey  for  reservoir  sites  on  Salinan  River  and 


tributaries  was  made  iluring  the  perioti  from  May  28  to  Augutil  Sa 
1900,  under  the  dii-eclion  of  Prof.  Charles  D.  Marx,  of  Stanford  Untj 
versity.  His  i-cport  will  appear  in  one  of  the  series  of  Water-Bupplyj 
Papers. 

A  gaging  station  was  established  on  the  river  January  8,  I9(K>,  by 
X>.  A.  Purler.  On  iu^cuunt  of  the  shifting  nature  of  the  channel  durinS' 
BoodB,  four  gage  rods  were  sot  between  Januarj-  8  and  April  2,  ISdO,., 
and  each  was  referreri  to  a  different  datum.  On  .Inne  S,  1900,  a  pei"' 
manent  st<ation  was  established  at  the  county  bridge  3^  miles  south  of' 
Salinas. 

The  gage,  which  is  vertical,  is  attached  to  one  of  the  piers  of  tl»' 
bridge.  The  t>ench  mark  is  a  nail  in  the  washer  In  the  top  of  a  rti" 
wood  post,  13  int-hes  by  Ir-  inches  in  size,  on  the  north  biiiik  of  Ihe 
river,  at  an  elevation  of  20  feet  above  gage  datum.  The  gage  lieights 
given  in  the  following  tables  have  teen  adjusted  to  the  rod  whioli  v»s 
established  June  8, 1900.  Durinfi  1900  a  number  of  measurenieotsof 
discharge  were  made  of  Salinas  River  at  tlie  main  gaging  station  snd 
of  Arroyo  Seco,  a  tributary  of  Salinas  River,  by  D.  A.  Porter  and 
others.     The  result-s  are  given  in  the  following  tables; 

Discharge  vieimuremmtts  nf  Armyo  Seen,  California. 


The  Pool 
do... 


OAUFOKNIA. 


Dtehorye  meantmnento  ofSaHnat  River  n 


r  Salinag,  California. 


balsbt    cbuvS' 


I  belslit.     cbante. 


Jolya 

July  Ifl 

aSISS*  18 :::::: 

Beptember  1  . . . 

September  Xa  . . 

October  ffl 

October  *• 

NoTember  14... 
November  IH... 


gage  height,  in  feet,  of  SoXina*  River  n 


Jan.    Feb.   :llu-.  Apr.  tUy, JuDe.lJnIy. 


iM    a.sS    S-W 


iOft    3«n  I  3.TD 
tOS    SMi  3.70 


Sept- 

Oct. 

Sov. 

« 

3.W    8.10    3  BO 


STANISLAUS  BIVER  NBAB  OAKDALE,  CALIFORNIA. 

station  was  first  established  May  3, 181>6,  and  was  ivlocated  on 
),  1898,  OB  described  in  Water-Supply  Paper  No.  .18,  page  391. 
s  of  measarements  for  1809  will  be  found  in  the  Twenty-first 
1  Report,  Part  IV,  page  448. 

canal  of  what  was  formerly  known  a.n  the  Stanislaus  ami  San 
D  Water  Company  divertf*  water  from  Stanislaus  River  3  miles 
iCnightfi  Ferry,  or  approximately  15  miles  alwve  Oakrlale.  Dur- 
I  latter  part  of  the  year  1899  the  management  of  the  property 
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changed  hands,  and  a  new  (■onipaiiy  wa«  formed,  iiuder  Ihe  iwme  o 
Stanislaus  Water  Company.     The  station  described  in  Water-Supplj 
Paper  No.  38  was  diseontiimed  in  the  latter  part  of  1899,  on  a<>couBl 
of  improvements  to  and  enlargements  of  the  canal,  and  on  May  1S| 
1900,  a  new  gaging  stfltiou  was  establiHhed  near  the  lower  end  of  fliiin 

of  water  intiO  the  flume  and  measuring  the  same  with  a  meter.     Owii 
to  the  lack  of  an  observeron  the  canal,  the  reeoi-d  for  19(10  is  not  wM 
plete.     During  the  year  the  following   measurements   of  diechnrj 
were  made  at  the  main  st-atiou,  under  the  direction  of  J.  B.  LippiucoU 

AprU  5:  QAge  height.  6.83  feet;  discharge,  1,703  second-feet. 

1               May  Id:  Gage  height.  !).33  feet:  discliarge.  4,5ir<  second-teet. 

L              Jane  31:  Gage  height,  0.05  feet;  diachargo,  l,*88  second-feet. 

1              Augnst  11 :  Gago  height.  4.38  feet;  discharge,  t\6  second-feet. 
September  8:  Clage  height,  4.2.i  feet;  diacharge,  35  second-feet 
December  38;  Gage  height,  r,M  feet;  discharge,  611  second-feeL 

Daily  gage  hfighl.  in  fe^t,  of  UtaiiUIaas  River  near  Oalabtk,  Caiifamia,  for  iSS 

Dsy. 

Im. 

F.U 

«„, 

Apr. 

M.T. 

-4- 

Ang.lsopt.  Oot.lNm. 

KM' 

I 

it 

1 

i 

li 

E.S 

y 

1 
1 

Is 

1 

li 

7. 

'.V 

.s 

:* 

0,5 

6.H 



If 

8.8 
8.S 

»," 

9.0 

6.6 

?! 

i 

T.S 

i 

iii 

<. 

4. 
1 

t 

t! 

1.1 

I 

'.t 

4.i 

i.a 

S:i 

5.S 

• 

I      

ti\l\ 

■ - 

.3  i   :a 

.1  1 

1    :i 

li 

9 

ill 

ii'l  1 

E3 



I4 

J;  a 

..*■* 

h.n 

'■* 

a 

TOOLUMNE    RIVER   AT    LACRANUE,  ("ALIFORNIA. 

This  station,  established  August  29,  lsll,o,  is  at  the  wagon  bridge  in 
Lagrange,  and  is  below  the  high  <lam  of  the  Tnrlock  and  Modesto  irri- 
gation districts,  and  also  below  the  heart  of  the  eanal  of  the  Lagrang* 
Hydraulic  Mining  Company.  It  is  destTilwd  in  Water-Supply  Paper 
Ko.  38,  page  393.  Results  of  measurements  for  IS'M  will  be  found  in 
the  Twenty-first  Annual  Report,  Part  IV,  page  449.     During  1900  the 


CALIFORNIA. 


foUowing  measnrementH  of  dischai^e  were  made  tinder  the  directiou 
ol  J.  B.  Lippincott: 


Diteharge  trieasuremenlg  of  T^rlock  aiiial. 
Datn. 


,  b»iKht.  : 


iHonii 

SvUDbars.. 


Di»ehargt  taetuureau^lii  iif  Tiuilii 


JtnllS 


«  River  at  Lofjranije.  Cali/nrriiii. 


DaUygage  height,  in  feet,  of  Tuolumne  River  at  Lagrange,  California,  for  I'JOO. 


Ju.    Feb.   Mar.  Apr.  Hb] 


July.  Aai{.  fieiit.   Uct.  Not.'  D«c. 


,0 

.1 

i:     I 
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I  Sxtiviaird  daily  dUdiatyt,  in  teaond-feeU  nf  Ttirtock  ranal,  California,  for 


3::: 


HoTk.— Then  WW  no  flow  during  the  montha  ot  Junury.  October.  NoTambrr.  ftnd  Vttaaibet. 
MiaceilOHeout  diadutrge  menauTemenU  of  T^ioUaaM  Biwr,  Caiift, 


^ 


Angogt  Vi... 
AUBMtltt... 
AoKuatSS... 


Hydrognpher. 


Below  RancherU  Cm. 


SAN  JOAQUIN   RIVER  AT  HERNDON,  CALIFORNIA. 

This  station,  established  by  the  Southern  Pacific  Railway  Company 
in  1879,  is  at  the  iron  highway  bridga  crossing  the  river  at  Herudon, 
The  Ijed  of  tlie  stream  ia  of  Hand  and  gravel,  and  the  section  ha* 
changed  materially  several  times  during  I90n.  A  reconnaissance b** 
l)een  made  of  tlie  river  above  Pollasky.  with  the  view  to  locatinga  dk" 
station  where  the  section  will  be  permanent,  and  a  relocation  wH' 
probab'y  be  made  in  1901.  The  station  at  Herndon  is  described  in 
Water-Supply  Paper  No.  38,  page  395.  Results  of  measurementt 
for  1899  will  be  found  in  the  Twenty-first  Annual  Report,  Part  IV, 


CALIFORNIA.  459 

I  pige46G.     Durinfi;  IftOOthefollowingmeasuromentsof  diBchai^o  were 
le  under  the  direction  of  J,  B.  Lippincott: 


DiaAarge  mtaturementa  of  San  Joaquii 


tSja... 


^i/ff '■! . 


River  at  Hemdoit,  Califorii 
liJgiat.  ' 


2,W1  'I  Koptetmberl... 
«.iW  II  SeptomberJH.. 
3,710  I   DecemlieraO.. 


Dailgifage  height,  in  fuel,  of  San  Jixupim  River  at  Heriidmi,  Calif  or 


Jm.   Feb.  Iter.  Ain-,  M»y.  Jaao.  Jnly.j  Aug.  Sapt  Oct.   Nov.   Deo. 


KINO  RIVBB  NEAk  RBU  MOUNTAIN,   CALIFORNIA. 

The  waters  of  King  River,  (doming  from  a  high  itivtehim^nt.  basin  on 
te  western  slope  of  the  Sierra  Nevada,  are  probably  of  greater  value 
Or  irrigation  pnrposes  than  tliose  of  any  other  stream  in  central  Cali- 
amia.  During  the  summer  of  1900  the  mountainous  basin  of  the 
iver  was  explored  for  reservoir  sites  and  for  power  possibilities,  and 
Ithoogh  numerous  reservoir  sites  were  surveyed,  not  one  of  them  was 
jnsidered  commercially  feasible.  A  good  reservoir  site  was  discov- 
red,  however,  in  Clarks  Valley,  in  the  foothills  outside  of  King  River 
anyon.  A  reservoir  at  that  place  could  bo  filled  with  water  from 
ling  River  that  would  run  to  waste  during  the  fall  and  winter 
tonths,  and  hy  utilizing  electric  power  developed  from  the  river  for 
amping  purposes,  the  amount  of  irrigated  land  in  the  vicinity  of 
'resno  conld  be  doubled. 
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The  gaging  alation,  establisliHil  fteptem!>er  3,  1895,  is  southwest  D 
ted  Mount-aiu  and  in  16  miles  east  of  Sanger,  at  the  mouth  of  th 
ftnyon  of  tlie  river  and  above  all  diversions.     It  is  deacribed  in  Wat« 
mpply  Paper  No.  30,  page  403.     Reeults  of  measiirementB  for  18» 
Fill  be  found  in  the  Twenty-first  Annual  Report,  Pai't  IV",  page  461 
hiring  1900  the  following  measuremunl^^  of  disuliar^>  were  made  undi 
h«  direction  of  J.  B.  Lippincott: 

I      Dwdtargf  mewmrrtimnis  of  King  Hiirr  ,.,;ir  Hrd  Mountain.  CalifonUa. 
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KING    KIVEK   NEAR   KINGSBUKG,  <'ALIFORNIA. 

The  Southern  Pacific  Railroad  Company  hiis  maintained  gage  read- 
ingB  at  the  railroad  bridge  1  milo  south  of  Kingsburg  since  1879,  and 
it  is  through  their  courtesy  that,  the  following  reeonl  of  gage  height* 
for  1900  has  been  fnrnishe<l  to  the  Survey,  Gage  heights  for  1899 
will  be  found  in  Water-Snpply  Paper  No.  :i!>,  page  405.  No  measure- 
ments of  discharge  were  made  here  during  1900. 
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DtSjf  gage  height,  tn  f eft,  of  King  River  near  Kingshurg.  California,  for 
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KERN    RIVEK  BASIN,    CALIFORNIA. 

DnriuK  the  summer  of  lOOO  a  reconnaissance  of  the  draioage  basiO 
ot  Kem  River  was  made  by  Mr.  Prank  H.  Olmsted,  whose  report  has 
been  published  in  Water-Siipply  Paper  No.  46.  The  following  table 
gives  the  discharge  measurements  of  the  streams  which  were  made 
dorinf  the  progreas  of  the  investigation,  arranged  in  geographic  order, 
tnm  the  head  downstream: 

Atiicellaneoun  discharge  meaa>tretii«nls  in  Kem  River  Basin. 


Locality. 

A 

clSi^ 

^S' 

/>.(. 

Ser.-fetl. 

Creek  wutb  ot  B«ld  Moon- 
Norlli  Fork  of  Kern  BlTcr . 

Do 

NorthFork  ot  Kern  River. 

Little  Sera  River 

Nortb  Needles  Creek 

a.OUl  feel  abore  junction  with  Little 

South  Needles  Creoi" ....', 

North     Fork    or    Brush 
Creek, 
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MtMxOaneoiui  duc^ryg  nttamimmenta  in  Km  River  Banta — OontiiiiWI. 
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UsKlaR  Htmtion ..".Jll'm^i 

4.0UJ  feet  almve  Janoltan  frith  Sonth 
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TOO  feet  abuTi  JuncUoD  with  Narth 
FWk. 

tsabolla 

Rankins'a  ranch.  Walkeni  BibIu 


The  CalifonuH  Power  ('oiniMtny  maintHined  obsei-vatioiiti  on  tin 
!lorth  Fork  of  Kern  River  just,  l>elowthe  mouth  of  Tobias  Creek  from 
Iuly21  to  OctoljerHi,  ini^lusive,  19(X),  from  which  daily  discharge  nieaft- 
iremcnto  have  \\een  estimated.  The  followintf  record  liwi  been 
'urnished  tfl  the  Survey  through  the  courteity  of  F.  C.  Finkle,  chief 
mgrineer  of  the  ('alifornia  Power  Company: 

^gtimaletl  lUiily  diacliarge,  iii  iieeonit-feet,  of  North  fbrfc  of  Xem  River  bdoir till 
month  of  Tobias  Creek,  California,  far  1000. 


L-' 

Jnlj. 

Am. 

Sept. 

Oct. 

D.J. 

J«ly. 

Ang, 

B<pt 

Out 

L   ... 

an 

i 
s 

1 

i 
1 

§ 

1 

i 

HI 

Si 

9)4 

;iui 

31H 

3ir 

il  ...,:::.: 

;;::::;:::;;;::;. 

SB 

1 

W2 

Mean 

a,\    n 

KERN   RIVER   NEAR    BAKERSFIELl),  CALIFORNIA. 

This  station,  established  in  1893  by  Mr.  WmUit  .lories,  chief  eugiii«f 
of  the  Kern  County  Land  Company,  is  located  at  what  is  known  as 
First  Point  of  Measurement,  5  miles  above  Bakerslield,  and  at  the 
mouth  of  the  canyon  of  the  river.  Meter  measurements  are  takfi" 
once  a  week,  and  an  auUmiatic  page  records  daily  fluctuations  of  t''^ 
river  heights.  Mr.  A.  K.  Warren,  the  engineer  in  charge  of  this  work 
for  the  Kern  County  Land  f '(mipany,  attends  to  the  discharge  meas- 
urements with  much  accuracy  and  precision,  and  furnishes  the  Survey 
with  the  final  results.  The  results  of  measurements  for  1899  will  b* 
found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  469. 
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KOHAVE  RIVBR  AT  VICTORVILLE,  CALIFORNIA.' 

his  statioD,  established  Februiiry  27,  189!*,  ia  at  tlie  wagon  bridge 
lie  gorge  at  Victorville  known  as  The  Narrows.  It  is  described  in 
(eisSnppIy  Paper  No.  39,  page  408.  Results  of  measurements  for 
I  will  be  found  in  tb9  Twenty-first  Annual  Report,  Part  IV,  page 
During  1900  the  following  measurements  of  dischai^e  were 
le  under  the  direction  of  J.  B.  Lippincott: 

Diaeharge  meaaurementa  of  Mohave  River  at  Victorville,  California. 
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DaUg  gage  height.  i» /eP(.  o/ Motttnv  Hii^er  at  Victorvilte,  Califomia.  for  1900. 
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L08  ANGELES  KIVBK  AT  THE  NARROWS,   CAXIFORNIA. 

Lo8  Angeliifl  River  hoads  iniinedmloly  KOiitli  of  Sauia  Clam  River, 
Ss  various  tributaries  recitiving  their  supply  from  the  mountains  su> 
aandint;  the  San  Fernando  Plaios.    It  passes  out  of  the  lower  end 
.ho  plain  throuph  n  narrow  valley  kuown  as  Tlie  Narrows,  nt  the 
lower  end  of  which  is  the  city  of  IjOs  Anftelcs.     Tlie  streams  entering 
San  Fernando  Valley  have  lirouglit  down  immense  (juantities  of  sand 
and  gravel  from  the  mountainous  area,  and  tlius  linve  formed  the  Ssd 
Fernando  Plains,     This  coai-so  deposit  acts  as  a  natural  regulator, 
absorbing  thu  flood  watera,  which  gradually  apjieiir  lower  down.     The 
rainfall  of  southern  California  has  been  deficient  for  the  last  few 
years,  but  the  discharge  of  Los  Angeles  Iliver  at  'I'lio  Njirrows  has 
been  except ionnlly  constant,  the  decrease   in   IIKX)  lieiiifi  ni»t  more 
than  20  per  cent  of  the  average.     On  account  of  the  numei'ous  law- 
suits which  havearisenregni'dingwatornffhts  on  this  river,  a  thorough 
study  of  its  discharge  has  Ix-en  instituted  by  the  city  iif  Los  Angeles, 
the  work  being  under  the  direction  of  J.  IS.  Lippincott,  as  consultiug 
eng:ineer  for  the  city.     The  majority  of  the  measurements  have  been 
made  by  C.  A.  Miller,  although  a  number  of  them  were  nia<le  by  F.  H- 
Olmsted,  city  engineer.     Several  weii-s  have  been  placed  in  the  river 
wbBre  the  measurements  are  made.     The  [xiintsof  measurements  are 
follows,  in  order  downstream; 

i**^  A,  at  the  interBection  of  Pacoima  avonne  witb  Los  Angeles  River,  in  UiB 
C0arshim  Rancbo  subdivision. 
'^^  ^t  at  the  interaectloa  of  Vinelaud  aveniw  v\Ui  Loa  A-u^l^  River. 


■he* 
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he  interaection  of  Fernando  avenue  with  Los  Angeles  River, 
he  southwest  corner  of  block  73,  Providencia  Rancho. 
he  intersection  of  the  east  line  of  block  71,  Providencia  Rancho,  with 
tiver. 

feet  above  weir  H. 

nroxizaately  300  feet  east  of  thh  intersection  of  Bnena  Vista  street 
elee  River. 
3  feet  below  weir  H. 

feet  east  of  the  west  line  of  block  69,  Providencia  Rancho. 
block  79,  Providencia  Rancho,  300  feet  west  of  center, 
•ridge  P,  near  the  southwest  comer  of  block  81,  Providencia  Rancho, 
rks  site  of  the  city  of  Los  Angeles,  commonly  known  as  the  Pomeroy 
;t,  where  river  turns  to  the  east  at  angle  of  90  degrees. 
bridge  Q,  about  400  feet  above  the  junction  of  the  Verdugo  Wash 
eles  River. 

bridge  No.  2,  about  600  feet  above  the  head  of  the  power  ditch  of  the 
ity  Water  Company,  in  the  so-called  Crystal  Springes  tract. 
1  mile  below  the  head,  in  the  main  supply  ditch,  sometimes  called 
ill  ditch,  in  the  headworks  site. 

loint  No.  7B,  at  a  3-foot  cement  pipe  in  the  same  ditch,  west  of  bridge 
tie  Los  Felix  ranch  house. 

,  opxx)Bite  bridge  No.  2,  on  what  is  called  the  Glassell  tributary, 
total  flow  of  river  at  bridge  No.  2,  there  should  be  combined  the 
3  No.  2,  No.  17,  and  No.  7B.  In  case  measurements  were  not  tak^n 
ipply  ditch  at  No.  7B,  the  measurement  observed  at  weir  No.  7,  above 
main  supply  ditch,  was  used,  and  the  loss  between  No.  7  and  No.  7B, 
St,  was  deducted.  This  is  shown  in  detail  in  the  table  for  bridge  No. 
» Q  a  similar  process  is  followed,  omitting  No.  17.  For  bridge  P 
flow  at  the  bridge  is  combined  with  either  the  flow  at  No.  7  or  at 

at  the  mouth  of  Tujunga  Creek,  near  the  western  end  of  the  head- 
id  near  the  intersection  of  Buena  Vista  street  with  Los  Angeles 

.  approximately  200  feet  west  of  weir  No.  9,  at  the  outlet  of  a  small 
3  run  into  the  gravel  bed  for  the  development  of  water. 
ck  67,  Providencia  Rancho,  on  a  small  stream  entering  the  river  in 
3  tract. 

Hscharge  measurements  of  Los  Angeles  River  at  w^elr  A. 
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Diieharge  mecumrementa  of  Los  Angeles  River  at  bridge  P. 


Date. 

Discharge 
at  No.  7. 
or  No.  7B. 

Discharge 
at  bridge. 

Total  dis- 
charge at 
bridge. 

Average 

for 
month. 

1809. 

Sec-feet. 
18.66 
17.90 
18.66 
18.06 
17.45 
17.45 
18.02 
13.18 
13.90 
13.66 

Sec- feet. 
20.22 
19.36 
21.08 
19.81 
17.62 
21.06 
25.73 
27.75 
31.94 
27.67 

Sec.'feet. 
88.88 
37.26 
30.74 
37.80 
35.07 
38.51 
48.76 
40.03 

Sec.  feet. 
38.88 

20 
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17 

88 
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3 
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17.32 
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—  --------- 

1900. 

21.22 
30.28 
18.50 
19.51 
16.99 
17.04 
18.71 
19.94 
19.30 
19.67 
18.38 

35.91  '            35.91 

30:99   }           J«l« 

31.04  1 

32.71 

36.94 

33.23 

8 

86.09' 

11 

17.33 
15.10 

1 

28    

38.48  if          **-^ 

1 

34.80 

otal  discharge  of  river  at  bridge  P  equals  discharge  at  bridge  4-  discharge  at  No.  7,  or 
tNo.  TR 

Discharge  measurements  of  Los  Angeles  River  at  bridge  Q. 


Date. 

Discharge 

at  No. 
7-2.49.  or  7B 

Sec.'feet. 

15.41 

16.17 

15.59 

8.21 

8.23 

9.36 

12.20 

11.41 

11.17 

Discharge 
at  bridge. 

Sec.'feet. 
28.12 
27.99 
27.77 
27.66 
36.48 
3Ji.71 

33.  h;^ 

35.99 
31.86 

Total  dis- 
charge at 
brioge. 

Average 

for 
month. 

1800. 
30 

Sec-feet. 
43.53 
44.16 
43.36 
35.87 
44.71 
49.07 
46.09 
47.40 
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Sec-feet. 
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44.96 
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otal  discharge  of  rivor  at  bridge  Q  equals  discharge  at  Q  +  discharge  at  No.  7-2.49,  or 


R  61—01 


6 


\ 
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_  Ducltarge  measuretitenU  of  L"f  Angehi  Ritvr  nt  liridge  No.  Z, 


AntDotM 

SaptemberlO... 
8antemberlT... 


8antembei 
October  111 


Novamlipr  S> . . 


M»TlO 

UmjlS 

JnDB  U 

JnljE 

July  13 

AngastS  V-'..". 

AQBIUtlS 

AniCiistSI 

Bepwmber  » . . 
Beplember  II  ■ 
6«ptoiiiber  28 . 


Total  dl» 
■      brl^     " 


aB.ae 

4(l.ll> 

M.te 
«.n 

u.xi 
ffi.se 


AS.  73 
U.I1 


NoTK— Total  dlieturge  oF  river  at  bridge  So.  S  eqiulB  dlsaliarge  at  No.  S  +  dlsdiarg**! 

Ar-erage  dixharge  of  Los  AngeUa  River  at  tveirlfo.  9. 


Average  liiachargc  of  develojieii  iraler  at  ireir  No,  10. 
UonCh. 


JuKwry  . . 

Sg°:::::: 


.li^rayt  ili-icliarge  of  sihiiU  triliulary  af  Imh  Anr/elp*  Rilt 
Uonth.  'plwb&rgr.  Month. 


js?;^^ 

■% 

^X^«r::-:;.::;:::: 

^'&, 
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xra0«  diaekcargB  cf  eut  of  Wwt  Lo%  Angeles  Water  Company  in  San  Fernando 

Vattey,  from  gravel  hede  of  Loe  Angeles  liiver. 


J.... 

M... 

y.... 

pHt 


Month. 


1809. 


See.'feet. 


6.01 


190a 


Sec-feet 
6.79 
5.85 
5.75 

5.87 


Month. 


September 
October  ... 
November 
December . 


1899. 


1900. 


Sec-feet.  Sec-feet. 

6.02  ' 

6.94  I 

6.07  ' 

6.08  ' 


Average  discharge  of  Los  Angeles  River. 


Measuring  point. 

Interven- 
ing 

distance 
along 
river. 

Average 
discharge, 
August  to 
December, 
inclusive, 
lovlf. 

Sec-feet. 
0.649 

Rate  of 

growth 

per  100 

feet,  1899. 

Average 
discharge, 
May  to  No 

vember, 

inclusive, 

1900. 

Rate  of 

growth 

per  100 

feet,  1000. 

It  A 

Feet. 

Sec- feet. 
0.402 

10.280 

0.001 

"6.  doi 

IrB 

.723 

.276 

8,486 

.066 

.064 

irC 

3.08 

2.52 

7,009 

.089 
.053' 

.iOB 

.083 

IrE 

5.89 

4.84 
7.08" 

4.585 

.048 

irG 

8.83 

1,041 

.106 

irL 

9.42 

8.12 

770 

.424 

".'aid 

irH 

12.68 

■  io.'si ' 

2,543 

.210 

.188 

frl 

17.97 

15.17 
18.69'* 

8,996 

.088 

.069 

frJ : 

19.45 

8,600 

.ItiO 

.000 

drK 

23.06 

26.'86 

6,845 

.268 

.217 

ageP 

40.09 

. 

34.60 

42.16'" 

4.629 

.095 

.168 

dg»Q 

44.49 

-QV    V"'-"'             --•  ^  "••---•-----•--  ----- 

6,756 

.185 

.167 

dgeNo.  2 

56.99 

58.46  ' 

ARROYO   SKCO,  CALIFORNIA. 

Fhis  stream  is  a  tributary  of  Los  Angeles  River,  wliicli  it  joins  at 
J  city  of  Los  Angeles.  The  station  is  described  in  Water-Supply 
per  No.  39,  page  410.  During  1900  the  following  measurements 
re  made  at  the  cable  station  at  the  Terminal  quarries  by  E.  P.  Dewey 
i  W.  B.  Clapp: 

Discharge  measurements  of  Arroyo  Seco  near  Pasadena,  California. 


Date. 

Discharge. 

Sec-feet. 

20.8 

4.8 

7.2 

1.2 

42.4 

10.5 

5.4 

2.2 

.2 

Date. 

1900. 
November  21 .- 

Discharge. 

aarr  8 

•  1900. 

Sec-feet. 
144.0 

nary  4 

November  22 

a580.0 

xdi6. 

Do                    

85.1 

•ehd 

November  23 - .* 

81.0 

r6 

Novflmber 24               .,,.,.. ^  ..  , 

11.5 

r6 

November  26        

8.7 

r7 

December  1 

4.8 

rl4 

Dec^ember  6    

1.4 

^wnberSO 

aEstii 

omted. 
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SAN   OABRIBL   RIVSR   ABOVR   AZU8A,    CALIFORNIA.  , 

-  Tliis  station  is  described  in  Water-Supply  Paper  No.  30,  page  Jll 
All  of  the  surplus  waters  of  the  river  are  dow  used  for  irrigation  p^^ 
poses  on  the  plain  in  tht-  vicinity  of  Azusa,  and  it  is  only  Mn  ooca^ioiuil 
flood  that  passes  the  gnging  station.  Previous  to  lUiflfl  it  was  diffitmlf 
to  eoiupute  the  dischai^e  of  the  river,  owing  to  the  location  of  thesttj 
tion  and  the  many  diversions  above  the  mouth  of  the  e.aiial.  In  liJ9^ 
however,  the  Sttn  Gabriel  Electric  Company  completiod  its  eanal  sj» 
tein,  and  measurements  are  now  obtained  with  greater  ease  wA 
accuracy,  as  the  conduits  of  the  company  divert  the  entire  nonnri 
flow. 

The  season  of  189!)  and  1900  was  notable  in  southern  California  fat 
the  deficient  rainfall,  and  during  the  latter  year  only  one  flood  ditf 
ehargi.1  passed  the  gaging  station.  On  November  21,  19(X1,  aheATj 
rainfall  pn^vailed  in  southern  California,  and  during  the  night  of  Uui| 
day  the  river  reacheti  7.3  feet  on  the  gage.  The  maximum  discho^ 
of  this  flood  was  computed  by  taking  the  cross  section  and  fall  of  thi 
stream  and  applying  the  Kutter  formula,  the  coefficient  of  roughnes 
(ji)  being  obtained  by  eximparison  with  a  few  currenl-meter  velocilj' 
measurements.     The  calculated  discharge  was  5,168  second-feet. 

The  following  tables  are  condensed  from  data  presented  in  ibe 
TTnited  States  Land  OfBee  suit  between  the  Sjiu  Gabriel  Power  CaB- 
pany,  applicants,  and  irrigators  in  the  vicinity  of  Azusa,  Duarte,  iUid 
Coviua,  contestants.  The  tables  give  the  results  of  daily  gaging 
over  the  weirs  on  various  branches  of  San  Gabriel  River,  as  rep<ird*3 
by  the  San  Gabriel  Power  Company.  The  lengths  of  the  aevend  weiiS 
are  as  followH: 

Weat  branch  of  North  Pork,  IB-inch  weir. 

North  branch  of  North  Fork,  ;Kj-inch  weir. 

West  fork  of  river  above  North  Fork,  3ti-inch  weir, 

Coldwat«r  Creek,  at  miles  from  month,  IS-indi  weir. 

San  Gabriel  Itiver,  100  yards  above  Fiah  Fork.  :i('.-incli  weir. 

Fish  Fork  100  yards  above  month.  ;iO-inch  weir. 

Iron  Fork  100  yards  above  month,  rifrinch  weir. 

u-vxl  hniwb  <>/  .Vwrf* 


I  Jniy.  I  AuB.     s«|it. 


1 

at 

1 

at 

.22         .n 
.S3          .37 

.ai'      .ae 

.1'}          .91 

.18 ,     .a 

.as       .» 

....;».L..:'; 

\-. 
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\ied  doQy  dUeharge^  in  seeondrfeett  over  ioeir  on  the  north  branch  of  North 
Fork  of  San  Oabriel  River,  Calif omia,  for  1900, 


»y- 


July. 

Aug. 

Sept. 

Oct. 

0.89 
.89 

0.62 
.68 

0.66 
.72 

0.1B 

.92 

.89 

.82 

.68 

.92 

.95 

.62 

.68 

.89 

.96 

.60 

.68 

.89 

.74 

.65 

.68 

.89 

.74 

.61 

.56 

.82 

.74 

.61 

.56 

.80 

.77 

.88 

.56 

.70 

.77 

.61 

.57 

.81 

.74 

.61 

.59 

.83 

.74 

.63 

.69 

.86 

.71 

.61 

.69 

.95 

.08 

.63 

.97 

.74 

.63 

.97 

.62 

.69 

.97 

.65 

.59 

Day. 


18 

19 

30 

21 

22 

23 

24 

26 

28 

27 

28 

29 

30 

31 

Mean 


July. 


0.97 
.97 
.97 
.97 
.96 

1.07 
.95 
.95 
.96 
.68 
.68 
.89 
.86 
.68 


.89 


Aug. 

Sept. 

Oct. 

0.65 

0.69 

.62 

.59 

.00 

.50 

.60 

.53 
.53 

.66 

.53 

.52 

.81 

.52 

.68 

.56 

.65 

.57 

.65 

.57 

.68 

.57 

.68 

.74 

.68 

- 

1 

.70 

.63 

.62 

ied  daily  discharge,  in  second-feet,  over  weir  on  West  Fork  of  San  Gabriel 
River,  California,  above  North  Fork,  for  1900, 


»y. 


July. 

Aug. 

Sept. 

0.66 

0.05 

0.12 

.62 

.02 

.12 

.68 

.12 

.fl» 

.12 

.58 

.08 

.66 

.11 

.66 

.16 

.66 

.12 

.44 

.12 

.34 

.16 

.29 

.16 

.26 

.08 

.13 

.24 

.07 

.12 

.20 

.08 

.16 

.18 

.08 

.16 

.12 

.12 

.16 

.16 

.10 

.16 

Oct. 


.16 
.16 
.15 
.90 
.20 
.16 
.16 
.13 
.20 
.20 
.20 


0. 16      18. 
.16   I  19. 


20. 
21. 
22. 
28. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Mean. 


July. 


0.16 
.12 
.12 
.07 
.12 


.06 


.05 
.08 
.05 
.05 


.29 


A.ug.  ,  Sept.  I   Oct. 


0.12 
.10 
.12 
.12 
.10 
.07 
.06 
.06 


.08 
.06 
.10 
.12 
.10 


.09 


.11 

.12 
.12 
.16 
.16 

.12 
.20 
.16 
.16 
.13 
.14 



.14 

.17 

ted  daily  discliarge,  in  second-feet,  ox^r  iceiron  Coldxcater  Creek,  California, 

S\  miles  from  mouth,  for  1900, 


ly. 

July. 

t 

Aug. 

0.43 

.49 
.46 
.54 
.53 
.50 
.50 
.53 
.56 
.53 
.51 
.46 
.47 
.45 
.45 
.47 

Sept. 


Oct. 


Day. 


0.62 
.58 
.62 
.57 
.55 
.56 
.51 
.51 
.56 
.50 
.55 
.52 


0.60 
.62  I 
.61 
.63  ' 

.61  I 
.58 

rM   I 

.58  I 
.55 
.60  i 
.60  I 
.64 


18 

I  19 

'  30 

21 

22 

23 

24 

25 

26 

,27 

I  28 

I  29 

30 

31 


Mean 


July. 


0.37 
.49 
.50 
.47 
.46 

.46 


Aug. 

0.47 
.52 

Sept. 
... 

Oct. 

.55 

* 

.56 
.51 



.40 

.45 

.44 





.45 
.42 

.42 
.41 
.40 

* 

.56 

.48 

.56 

.60 
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■X»timated  daSg  ditoharge,  in  nerowl-ftet .  over  irtir  <m  San  Gal'riel'mvrr.ca^ 
fornui.  im  tfiiFYfa  obott  Finh  Fork,  for  t90<i.                             ^M 

V  ""' 

Juir 

Ana- 

Sept. 

Oct. 

Dr. 

July. 

Aiut. 

Sept. 

n 

1 

l| 
11 

S 

i 
...1 

u 

i 

M 

n 

~iii 

.08 

1 

Is 

M 
.« 

1 
1 

's 
'.m 

.IB 

!J3 

.Jfl 

S-::::::::::: 

»- - 

:■"■■;::;:::■ 

1-T4 

t.ia 

tra 

JBtlimatfd  daUy  diecharge.  in  etcond-feet,  over  weir  on 
Bwer.  California.  100  yard*  from  immlh.f 

Fiah  Farfs  of  8m  (Mnii  1 

D«r. 

jQly. 

Ang. 

w.. 

o.t 

Dli7- 

July. 

i... 

Sopt. 

OCL 

M 

.as 

'. 

.16 

1 

M 

'.m 

M 

18 

.flO 

1 

'M 

J 

.O 

E:i 

.an 
i.aa 

.DG 

'S 

1.U 

I*-' 

1 

1 

SE 

1 

as 

•• 

;--^";-- 

lil::: ::.;;:;;;;:: 

- 

.M 

w'         « 

reir  OK  Iron  Fork  of  San  Qabri*^ 
H  mouth,  for  1000. 


r»r. 

J»iy. 

Aue. 

Sairt. 

Oct. 

D.y. 

Jnly. 

Aug 

aept.      Oct- 

,W 

:S 

.91 
1.83 

:« 

.12 

L3T 

1 

.38 

1 

.So 
.95 
.ft) 

ii 

1 

;i8 

1 

1 

:i2 

.12 

15 

1 

Mean 

LGO 

LOT 

i»|  i.» 

OAUFOBNIA. 


litmaled  dattjf  diadutrge,  ti 


.„. 

Feb. 

JUr, 

... 

May. 

«« 

™w 

17  n 

l^Fi 

II 

S 

«s 

S8 

HI'!; 

rHO 

-rS:: 


17. 8  & 


6  Power  ooDdnit  wuhed  oat  wwii  >f ter  noon. 

San  Gabrittl  Rivet  at  Aziisa  was  dry  throughout  the  year  1000 — 
lie  canals  diverting  the  entire  ilow — except  on  the  dates  given  in  the 
ollowing  table,  and  excepting  also  November  21  to  December  HI, 
iclasive,  for  which  period  the  record  is  not  obtainable: 

Discharge  of  San  Gabriel  River  at  Atu»a,  California,  IftO. 


Jannarj  3 . . 
Jannary  i . . 

M»t5 

May  « 

May  11 


8ANTA  ANA  RIVEB   BELOW  WARMSPRINOS,   CALIFORNIA. 

The  original  station  was  established  in  June,  189C,  three-fourths  of 
nile  below  the  beadworks  of  the  Santa  Ana  oanal  and  opiioHite  the 
rm  springs  in  the  canyon.  A  change  of  location  of  the  gage  was 
lessitated,  owing  to  a  spillway  in  the  cunul,  through  wbicli  a  certain 
ount  of  water  from  tlie  Santa  Ana  Hume  was  turned  into  tiie  river 
ow  the  old  gage,  and  on  November  I),  18!»8,  a  new  i-od  was  located 
)  feet  below  the  mouth  of  Wannsprings  Canyon  and  lOOfeet  above 
!  ford  on  the  canyon  road.  The  station  is  described  in  Water- 
pply  Paper  No.  39,  page  418.  Results  of  measurements  for  1899 
1  be  found  in  the  Twenty-first  Annual  Report,  Part  IV,  page  184. 
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During  1900   tlie  following    measurcineiitH  iif   (Jimiliargt'  wetv  made 
under  the  direction  of  .1.  B.  Lippincott : 

April  U:  Gage  height.  3.30  feet;  discharge,  ■>:i  eecond-feet. 

Ma?  5:  tJage  hBight.  4.35  feet:  discharge.  2H  second-feet. 

Jnly  !3:  Gage  lieight,  a.35  feet;  discharge,  22  aecond-feet. 

NoremberSG:  Gage  height,  8.80  feat:  discharge.  103  aecond-feet. 

for  1900. 

D«r, 

Jan. 

t^b. 

Mar, 

Ajir, 

-H- 

Joty. 

Ang. 

Sept. 

Ott. 

SOT.I  Dn 

J 

3.30 

S.»a 

11 

1 

a.  38 

11 

3.S) 

11 
11 

11 

II 

i 

i£ 

11 

a,  S3 
M 
,81 

:ll 

.ra 

1 

.2a 

2.91 
.SI 

i 

i 

3) 

1 

SO 

jflll  ?ai 

2.:» 

S.33 

li 

a.  2a 

:IS 

.so 

1 

.an 

■s 

.Wl 

:£ 

Ml 

i 

w 

.M 

.«& 
.8S 

1 

'.aa 

1 

1 

.as 

,8S 

.90 
.SO 
,8S 

:n 

.85 
.8& 

:» 
1 

£.00 

1 

!« 

:!: 

'.VR 

lis 

.BG 

*.oa 

rOD 

!.»     •' 

•1 

a;8B 

nailll 

li 

1,0) 

i 

li 

:;  SI 
2  ai 

II 

a.  KB 

51 

K.XO 

11 

11 

li 

D.ai 

IS 

l-OD 

IS 
1 

is 

at.U) 

!:% 
if 



1 

U 
t< 

s;;::;:;:;:;;;e;::::;; 

'^' 

MILL   CREF.K    IX   CANYON",  CALIFORNIA. 

Tliis  Station  is  de.scribed  in  Water- Supply  Paper  So.  .11),  page  HI 
The  Craftou  Water  Oomjiany  diverl.s  all  of  tiie  water  of  the  creelia' 
the  mouth  of  the  canyon.  The  water  pusses  over  a  weir,  and  the  vol 
ume,  therefore,  is  determined  with  eonsideral>lo  accuracy.  Thefoi 
lowing  tables,  furnislied  by  the  Crafton  Water  Companj',  give  tli' 
daily  discharge  of  the  creek  entering  the  canal,  as  well  as  the  aniouni 
of  water  which  that  company  develops  by  pumping.  The  results  oi 
measurements  for  189!)  will  be  found  in  the  Twenty-first  Annua 
Report,  Part  IV,  page  485. 


OALtFOBVIA. 


d  daQg  dtitAarge,  in  Mixmd-feet,  of  MUl  Creek  at  Craflo\ 
California,  for  1900. 


4?7 


n.,. 

Jul 

tfBb. '  Mur 

Apr- 

May 

J«n, 

Julj- 

""" 

Oct. 

Hot 

»« 

,«.|., 

mi 

nn 

H" 

, 

^ 

IS 

!■ 

s.e 

I 

- 

!■ 

9.e 

Si 

i 

IH 

i-S 

H 

''■ 

U.H 

«. 



a- 

10.3 

10.  e 

10,3 

6.9 

1!.« 

r.3 

CO 

s.t 

a.i 

i.(t 

B.* 

NoTS.— Mo  record  from  Novembep  it 

daUy  ditiAarge,  in  tecond-feet,  of  leater  pnmped  fro 
Crafton  headworkt,  California,  for  1900. 


T- 

Mm. 

Apr- 

M.y. 

June. 

July. 

An,. 

B«pt. 

Oct. 

Nov. 

l 

i 

2.n 

Is 

■■  o- 
1 

Is 

I:' 

s.a 

3,9 
£!» 
S9 

1 

li 

it.a 

1 

20 

li   Is 

1 

i 
1 

! 

1 
1 

2 
1 

1" 



1.0 

is 

1.6 

ae 

S.T 

3.8 

t.o 

i.t 

,— Nd  reoopd  f  iMm  HoTamber  IT  to  Dcomkbm  8V. 
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CH1N*>   CREKK    AT  KINCON,    CALIFORNIA. 

There  is  no  gaging  rod  at  Ihis  placts,  owing  to  the  shifting  nature  of 
the  stream  bed.     The  i-i»:«ultB  of  discharge  meosurenientt^  madedurin^ 

1899  will  be  foimd  in  Water-Supply  Paper  No.  39,  page  427.     Daring 

1900  the  following  measurements  of  discharge  we r»  madu  under  the 
direction  of  J.  B.  Lippincott; 

Diae}tai-ge  nuamtnfmenU  of  Chino  Crvek  near  Rincnii.  California. 


JtlQSU.. 


Hauumb^T  <t. . . 


SANTA   ANA    BIVER   AT   RINCON,  CALIFORNIA. 

This*  station  is  described  in  Watt-r-Supply  Paper  No.  39,  p^e  427. 
During  1900  the  foUowing  muusurementH  of  discharge  were  made  nt 
the  wagon  bridge  at  Rincon,  above  the  moutli  of  Chino  Creek,  vMa 
the  direction  of  J.  B.  Lippincott; 

DiKtutrge  meaauremenU  of  Santa  Ana  Eiver  itt  Riiicoii,  Caiifornia. 


!l>lwAu(ft 


im 

.s,.,-,-/,.,.(. 
184 

i^ja 

""■■-"% 

SSr¥^ 

ociobeVia::". 

Ue«mber4.. 
Dooember  31. 
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eamirements  of  canals  diverting  water  from  Santa  Ana  River  near 

Mineon,  California, 


Canal. 


Newberry 

Ditch  south  of  Newberry. 

GlllilMid 

Santa  Ana 

Yorba 

Anaheim 

Santa  Ana 

Yorba 

Anaheim 

Santa  Ana 

Yorba 

Anaheim 

Townsend  or  Newberry.. 

Fuller 

Santa  Ana 

Yorba 

Anaheim 

Santa  Ana....... ..... 

Yorba 

Aw^liAltin , . 


Locality. 


Anbamdale  bridge 

....do 

do 

First  road  crossing 

Opposite  first  road  crossing 

do 

First  road  crossing 

Opjiosite  first  roaa  crossing 

do 

First  road  crossing 

Opposite  first  road  crossing 

do 

Anbamdale  bridge 

1  mile  north  of  Anbumdale  Inridge. 

First  road  crossing 

Opposite  first  road  crossing 

do 

First  road  crossing 

Opposite  first  road  crossing 

do 


Dis- 
charge. 


Sec-feet. 

5.5 

2.3 

1.4 

26.7 

U.0 

18.4 

39.0 

21.5 

18.2 

44.7 

17.8 

16.7 

5.8 

6.5 

58.0 

21.1 

30.0 

71.1 

16.1 

29.0 


SAN  LUIS  BEY  EIVER,  CALIFORNIA. 

)r  of  this  river  is  diverted,  upon  its  appearance  from  the 
the  flame  of  the  Escondido  Irrigation  District,  and  is  con- 
k  reservoir  from  whence  its  waters  are  distributed  for  irri- 
poses.  Table  of  the  daily  discharge  of  the  river  for  1899 
nd  in  Water-Supply  Paper  No.  39,  page  429 ;  that  for  1900 
mailable  at  time  of  publication.  Measurements  are  made 
at  the  headworks  of  the  canal  of  the  Escondido  Irrigation 
om  whom  the  figures  are  obtained. 

rWATBR  RIVER  AT  SWEETWATER  DAM,    CALIFORNIA. 

►  the  severe  drought  of  the  last  few  years,  the  water  supply 
jams  of  southern  California,  particularly  of  Sweetwater 
been  abnormally  low.  During  the  season  1899-1900  there 
3harge  into  Sweetwater  reservoir  from  the  drainage  area  of 
miles.  The  estimated  discharge  for  the  three  preceding 
so  table  of  the  evaporation  at  Sweetwater  dam,  will  be 
Tater-Supply  Paper  No.  39,  page  430. 

iLANEOUS  DISCHARGE  MEASUREMENTS  IN  CALIFORNIA. 

ihe  severe  drought  of  1898  measurements  were  instituted 
a  the  low-water  flow  of  the  important  irrigation  streams  of 
the  results  of  measurements  made  during  that  season  being 
Water-Supply  Paper  No.  28,  page  193.  These  low- water 
)nts  were  continued  in  1899  and  1900,  the  results  for  the 
r  being  printed  in  Water-Supply  Paper  No.  39,  page  432; 
le  latter  year,  which  were  made  under  the  direction  of  J.  B. 
» resident  hydrographer,  are  published  herein.    The  meas- 


OPKEATIONB    AT   RIVER   STATIONS.   IfiOO, PART   Y. 


Lremeiils  tnatU-  in  StwmmenUi  jind  S»ii  Joiiqum  vallByH  duriBglha' 
broo  s(ta»(iiii4  inotitioii&il  linvo  lieeii  tifi8<!mb1e<l  in  the  follnwinf;  lable: 


L , 


I  iiKil  Huh  Ji/aquin 


UoberT... 

MgiutSS... 


■ptemlwr  1H. 

nlembai 
^r" — "" 


rBmbfo-li 


Mtamber  U- 


Bopt«iiiber  i. 


Oetav  EVc 
■e  OroTllla 


Pu-kB  Bur  Brld^i  I  mils  1w- 


faba    Power    Cnm- 
a^dlVPorkorYabii  j  PreetnMB  brkco 

KiDtb  of  Wheatlaod . . . 


ifc.-frtt- 

t.ia.00 


Amerloui  BWa 


e  fork 


h*»d  of  North  Pork  ditch.    ■ 

,   PoWm. 

.    ainln    strc&Qi    1  mile  abare    . . . 

mouUi  of  eoDth  Fork. 
.   Nortb    Pork   dllcb   st  rond 

Gm<iaitiE2tiiillea>bOTeFol-  I 


-   U>ii 


._  Jlrriuo   1   mile  tS-aye 

luoothof  HoDlliPork. 
[urth    Fork   ditob   at   road 
nosulite  Sk  mile*  above  Pol- 


Pnla  Creek  .. 


NiitcimnditPh.B.P.BB.croBS- 
me  JmllosaLwvePolBom. 

At  Hunmov  roml  bridge 

Riitd    brldfc   crouing   near 

lower  lakf. 
n  mfiva  above   Wlater'n.  at 
Devilii  Oale. 
-.    At   brldi^r    Jacli8oii-LBtrobi> 

rood  croeeingr 
..    UichlKBnBardlloh.JKknon- 

Lairolie  rnad  rrosslag. 
. . .    At   bridge    Jackwiu-  Latrobe 

..j  UichlsanBarailch.JackHm- 


Hokelonuie  Hirer. 


Btanialam  BlTcr  . . 


Latrobe  ri 
ino  feol  b  ■ 
Hill- Jar 


Rie,  smiles  a 
rry 

p  H.  D.  H.  Omnlck. 
r.  Knlolit,  loperlnlaDdsi] 


Sre.fni. 

i.m.iK 


of  FolKim  Powar  Company. 
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JfyuBaneouM  diaeharge  meamirements  in  Scuiramento  and  San  Joaquin  vaUeys^ 

Co/iyomia —Continued. 


Date. 


Sqitflmber  7 


October" 
Do... 
Do... 


September  11 


Do 
Do 


Aognst 
Do 


11.. 


8e|>tember8 


Do 
Do 


September  11, 
Do 


September  10. 

I^tember  11. 
geptember  10. 
^tember  11. 

^tember  10. 

Do 


Stream. 


my  38 

■eptember  2. . 
^tember  8.. 

Do 

wninutQ 

eptember  1.. 
eptember  28. 

Do 

eptember  26. 

iuy27 

.ii|(nf>.t31 

Bfytomber  4.. 

airnst  10 

eptember  4 . . 
eptember  27. 
QflrnstSl 


eptember  4. 
.nirnstSl — 


eptember  4. 
wOffiistSl — 


eptember  4. 
Do 


StanislAiui  River 


Tnolamne  River 

do 

.....do 


Locality. 


Below      Stanifllaof* 
Company's  intake. 


Water 


do 

.do 
.do 


.do 
do 
.do 


Total  flow  6  miles  above 
Knighte  Ferry. 

Lagrange 

Mining  ditch 

Tnrlock  canal 


Total  flow  at  Lagrange 

1,000  feet  below   Ooological 
Survey  gaging  station. 

Mining  ditch 

Turlock  canal  flume  No.  3  . . . 


Total  flow  at  Lagrange 


Lagrange 

Mining  ditch  . 
Turlock  canal 


do 

.do 
.do 


Merced  River 
.....do 


do 


.do 
.do 
.do 


Total  flow  at  Lagrange 

1,000  feet  below   Geological 
Survey  gaging  station. 

Mining  ditch 

Turlock  canal 


Discharge. 


1808. 

1809. 

Sec.'feet. 

Sec./eet. 

' 

1900. 


82.70 
24.00 

au.oo 


Sec./eet. 
S8.00 


112.70 


136.70 


12. 10  ; 

34.00  , 
28.90  ' 


,  .  .  X   .  .  .. 


Total  flow  at  Lagrange  . 

One  mile  above  head  gate  of 

Crocker-Hoffman  canal. 
VaUey  Mills  ditch 


Total  flow  above  Crock- 
er-Hoffman dam. 


One-half  mile  above  bridge  at 

Merced  Falls  (total). 

Snelling  ditch  (estimated) 

do 

Crocker-Hoffman     canal  900 

feet  below  head  gate, 
do ;  Crockor-Hoffman    canal    at 

head  srate 
Mercred  River  MUl  ditch  at 

niUl. 

Herndon 

...  do 

FoUasky ,  GOO  feet  above  bridge 


65.00 


35.50 
4.95 

40.45  \ 


do 


San  Joaquin  River 

do 

do   


...do 

....do 

do 

...do 

do 

Salinas  River 
Kiuff  River  .. 


lo. 

do 

do 

do 

.do 

.do 

.do 
.do 

.do 
.do 

.do 
do 


Herndon 

.....do 

.....do 

do 

Pollasky,  500  feet  above  bridge 

Gaging  station  near  Salinas . 

Red  Mountain 

.....do 

do 

do 

do 

do  

Church  canal  chock  near 
Trimmer  Springs  road. 

do 

Seventy-six  canal  at  month 
of  canyon. 

do 

Kingsburg  canal  at  mouth  of 
canyon. 

do 

Gould  canal  at  mouth  of  can- 
yon. 


0..W 


16.50 


611.00 
328.00 


508.00 
248.80 


164.30 


n.OO 


0.00 


269.30 
lft5.60 


206.00 


I        17.00 

12.  a) 

117.  fJO 


146.00 


10.90 

9.00 
86.00 


a  64. 90 


63.00 


2.10 


6.50 
27.10 


466.00 
246.00 
197.(10 
187.00 
L70 


427.00 
405.00 
220.00 


151.10;      229.20 


0.00  I 


0.00 


0.25 
2.00 


0.00 
84.00 


a  It  is  said  that  at  the  time  of  thin  moasiirt^ment  a  portion  ot  the  fsxm  ot  TxxoV^Iliw«'B^.^«t  nr%*^ 
wiaag  diverted  for  bydnnllc  mining  in  tiU*  gravel  range  45  mileti  aYK>ve\iaicnA»^H%iA>3Q^^^ 
wing  need  the  wmter  reached  Merced  River. 


-I 
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Date. 

»,™. 

Loi»Utr. 

Dlacbns..             1 

um. 

less. 

wo. 

Angiistal  ... 

Septemtwr  4. 
September  1- 

SeptemberA.. 
Bspleinborfl.- 

BeptamberS.. 

Seplonberl.. 

8ep^ber3.. 

Fowler     Switch     canal    at 

'^-it 

S«-,-/«( 

Sk-ML 

aoo 

Kaweah  River 

mnir'a  bewlworlu. 

».» 

-Si 

fiAviS'".:::'~::.:::~ 

■~Tio 

....do 

i.« 
■■■«.-» 

■1 

3o 

-^ 

September  D . . 

September  1.. 

a» 

I.U 



0.00 

-mil 

pioneer  canal  1  mile   below 

<,ao 

^ 

September  Z.. 
K^ember's!! 

w.a 

Ml 

»"■     [       »~ 

.a ' 

o^Si 

Sonta  Clara  River... 

Ptra  Creek.  Plru  Land  and  Water  Comp«ny« 

Camiiliia,  at  head  of  wooden  H 

Kfc^GSa'.'".'"'.'^.':^?'.'".".':!^':::: 

ti 

I-oaAnfteleBRlrer.  . 

Otnl^rU 

.o> 

Tninnna  River  ntar  head  works  of  MonW  viita 

Arrovo  Seen,  Pasadena  Lake.  Vineyard.  Land 
and  Wat*>r  f.'ompaoy'H  pump  at  dry  tutinpl 
(pump  tuns  about  t  hoarn  per  day). 

ArroToWo,  main  tunnel  at  Devlla  Gate  Un- 

h^'?? tTinnell- ""''"'""'"'""' "™ ' 

Septembsr  17 . 

do 

« 

BlchardsoD  tunnel  wetr.a.BOO  (oet  below  Dortta 

AiToyo  Beeo,  Wllaon'fl  tonnel  weir.  3,000  feet 
below  DeTlli  Oate  weir. 

Sheep  Corral  SprinRH,  Arroyo  Seco— 

,w 

== 

/ 

""^ 
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MueeBaneous  diacharge  mecimirementa  in  swithem  California — Continned. 


wptHBDnr  18, 


itfptsnber  13. 
Do 


Do. 
Do. 


Do 

iptamber  14 

Do 

Do 

Do 

ptember  17 

Do 

ptember  14 

Do 

jtember  15 

Do 

Do 

Do 

Do 

)tember  17 

Do 

itamber  18 

jitamber  19 

Do 

I>tember  SO 
Do 


Do 


ptember  24 

Do 

Do 

ptember  18 

Member  24. 


Streun. 


Loe  Angelee  Rirer . 


Ban  Gabriel  River . 
do.... 


Locality. 


Arroyo  8eco,  Painters  Well  steam  plant 
Hecondpluit 

Total 


>tember21 

Do 

7 


Bf. 


Do 
Do 
Do 
Do 

Do 
Do 


Bf. 


8. 


Do 
Do 


.do 
.do 

.do 
.do 

.do 
.do 
.do 
.do 

.do. 

.do 

.do 

.do. 

.do 

.do 

.do 

.do. 

.do. 

.do 

.do. 

do 
.do 
.do. 
.do 


.do. 
.do, 


.do 
.do 
.do 
.do 

.do 


...do 
....do 

do, 

...do 

.  ..do 

...do 

...do 

...do 


do 
do 


do 
.do 

do 
.do 


Morengo  Water  Companv,  Boatbem  Pacific 

Company*s  Oarfleld  station. 
Morengo  water  Company *s  weir  in  Morengo 

Canyon. 

Loe  Roblee  Water  Company *s  reservoir 

Reeervoir  at  junction  of  Glenarm  and   Loe 

Roblee  avennee,  Pasadena. 

Graven  &  Bean  tunnel 

Brick  kiln  between  Molino  and  Hope  streets, 

Pasadena. 

Oak  Knoll  Park,  Pasadena 

Patton  tunnel,  near  Kewen  Lake 

Patton's  east  canyon 

Patten's  east  canyon  (natural  flow,  pump  not 

running). 

Mission  mtch,  Patton  ranch 

Winston  ranch 

Shorb's  r^nch 

Yoakham's  ranch 

Robert  Lidders.  San  Pasqual  and  Shorb  streets 

R  W.  Scoville's 

Mrs.  Black.  San  Pasonal  and  Craig  streets 

Momingslderanoh.J.P.Butler's 

Bradbury  ranch.  Santa  Anita  and  Rose  avenues. 

San  Gabriel  Sanitarium  tunnel 

W.  A.  Highland's,  Rose  avenue,  Lamanda  Park. 

Chapman  ranch  (2  wells,  1  artesian,  pumped) . . . 

Chapman  ranch  (4  wells  pumped) 

Chapman  ranch  (natural  flow  of  denaga) 

Chapman  ranch  dairy 


Total. 


Dis- 
charge. 

Sec-feet. 

0.38 

.44 


Alhambra  Water  Co. 
do 


Total. 


Santa  Anita  Canyon  (natural  flow) 

Sierra  Madre  Water  Co 

Remamettes,  east  of  Sierra  Madre 

Monrovia  Water  Co.  (3  wells  pumped) 


Monrovia  Canyon  to  Monrovia  Water  Co. 
To  Bradbury 


Total. 


Duarte  Mutual  Improvement  and  Canal  Co 

Beardsloy  Water  Co 

East  Whittier  ditch  at  El  Monte  road  crossing  . 
Killion's  pumping  plant.  4  wells  near  El  Monte. . 

Cameron  or  Sueep  Creek  ditch 

Rincon  ditch 

Old  Temple  ditch 

Cate  ditcn  near  head 


Standif  er  ditch 
Banta  ditch 


Total   San   Gabriel   River   at   intake   of 
Stand  if  er  and  Banta  ditches. 

Rod«*igucz  ditch  near  Old  Mission 

Rio  Honda  or  old  San  Gabriel  under  Mission 
bridge. 

Arroyo  ditch 

Little  Lake 


,82 


al.82 

a.  46 

a.  31 
a0.088 

LIO 
.02 

.34 

.18 

L48 

.37 

.20 
.56 
a.  18 
a.  12 
rt.lO 
a. 07 
a. 07 
a. 04 
a  1.44 
a. 04 
a.  10 


LOl 

L90 

.07 

.72 


3.70 


62.68 
C.34 


2.92 


a 


22 

145 
.00 
3.24 


a.  428 
a.  116 


.r>44 

.78 
.44 
6.71 
10.23 
2.46 
2.47 
1.20 
8.71 

* 

14.66 
16.  U 

30.00 


2.00 
23. 2H 

21.08 
.22 


a  Measurement  oyer  weir. 


fe  Weir  No.  1. 


c  Weir  No.  2, 
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:::::|;:::::::::::::::: 

-        <\"    

^"     

f> - 

Sepl^mWr  IT. 
Do    

Septemtior  34 
Sept™l«r  SS 

8epU)n.l«r  M 
Sepletnlwr  Si 
SepU-inber  a 

:;:S 

Do 

Cllendora.  Amto  Irrigntloa  Co.,  Huaay  w 

DatT  Si  Sotui . . 
SmlJIer    -'— 


Bi  Irrlifiitiou  Co..  Pklae  i 
HlrriiiiioQ  CO. ',  pVd'  B 


CitUcmBWatBrCo.,Cuvliia... 
CoTina  pUnt.  DoiKOti  null  . . 
San  Olenuw  uuiyon  t  nntaroJ 
Bparlu'snfll 


B)ctiRrda.4weUa--. 

Somner 

HbeldoD  Bros    


WallacB 

MulUrt 

DoubIoh  and  McQuill;  . . 


PUtUips  9  TKiL'b  DiMir  Spadrj 
C.  L.  Lamiuter.  Mesa  avonu 
Corinu  Irrigalluri  Co.'b  m 
plsiiC,  If  mat  □[  LordAbiirg 
Nunruff  pUct:.  i-oruer  ul  itt 

I^mciQa  i^u'duiid  Water  C< 
Conuolidiilpd   Wnter   Cn , 


mile  nonb  of  P< 


"■" 

north  0 

poraon.  Cul- 

An 

tonlo  .re 

nue.P<.mODB.. 

C 

Art 
■o. 

,1.  wcUb 

cX^° 

in  Claroinont 

i 

^Ic 

„,,™.s„. 

oStAtement  br  Irwin  P.  Dantela. 

bHeasnrsiaent  over  w.^lr 

cFrom  records  of  Pomona  Land  and  ^ 
Canyon  wM  7,S;l  soaind  teat  on  Soplpmbi 
Jnl;  11.  lUKI,  measurement  wa«  made  of  n 
dlscbarBS  ol  1.(17  necond-feut  wsa  fonnd. 


e  diwhargo  from  Sbd  Ad 
cond-feet  <m  September  (■ 
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vBaneons  diiteharge  measurements  in  souUiem  Calif ornut — Contiiiiied. 


Stream. 


Santa  Ana  River 
do 


...do 
...do 


.do 


, 

1 

"£* 

. 

.  .  .  >  . 

'..... 

do, 

do 
do 
do 
do 
do 
do 

do, 

d-/. 

do, 

do 

dr. 


-do 

.do 


.do 

.dr> 


.do 
do 


do 

do 

do 

...lo 


: do 

I do 

.. do 

, do 

.i do 

do 


do 
do 


.do. 
.do. 


.do 
do 

.do 
.do 
.do 

do 


Locality. 


Dia- 
char»iri*. 


CncamonKn  Land  and  Water  Co..  Y  tunnel  a 

Stowell  water  from  9n-a<To  tract,  we.st  side  part 
to  Ontario.  <i 

San  Antonio  Water  Co.,  Ua.skoll  well 

San  Antonio  Water  Co.,  Sixteenth  street  pump- 
ing plant. 

Total  Rod  Hill  <lHvelopm»»ut,Cucaimonf?a. . 

Natural  surface  flow  of  CuoamonKTii  Creek  in 

canyon  (lomosa  Water  Co.). 
DevefoixHl  by  bed-ro<'k  tunnel 


Total 


Cucamonga  Land  and  Woter  Co..  Loiii»  SUir  j 
Soring  purapiug  plant.  \ 

Lytle  Creek,  lieau  of  Mclntyre  ditch    i 

Ly tie  Creek,  head  of  Whiting's  ditch j 

LytloCreok  near  head  of  Ranchcro  ditch ' 

Lytle  Creek  at  intake  of  Kialto  oaual ' 

do 

Cajon  Creek  Canyon  in  flume  opposite  Ke«in- 
brook  station. 

West  Twin  Creek  in  flume 

do 

Easl  Twin  Creek,  Dei  Itosa  cement  cunal    

do 

Eiast  Twin  Creek,  Kansa-s  City  Syndicate  devol- 
opment. 

...    .GO. 

City  Creek,  Whitl<M!k  ditch,  flume  across  Mc- 

Konzle. 
City  Crock,  Logfvion  and  Farrol  ditch  at  head  . . 

City  Crc«»k,  Daley  ditch  at  head 

City  Creek,  mea'^urement  in  cement  canal 

City  Creek  at  huad  of  pipe  line 

Plunge  Crock  at  intake  of  dit(;h 

Below  w:t>-toway  of  »Santxi  Ana  canal 

Son  til  Fork  or  liedlands  canal,  water  not  going 

over  weir  into    North   Fork  or   Highlands 

canal  on  account  of  repairs. 

Redlanda  tunnel 

Morton  Canyon 

South  Fork  or  Redlands  i:anal 

North  Fork- or  Uighland.s  canal 

Green  Sjvot  pipt^  hue 

RodlandH  tunnel 

Morton  Canyon 

MilK -reek,  Craf  ton  n-H"rvoir 

Mill  (?reek,  road  cro^J^in^  .Sunt;i  An:i  Canyon 

Mill  Creek  zanja 


Sec-feet. 
ftl.«8 
63.97 

h2. 13 
bl.72 


10.  S5 

.00 

.18 

LU8 
bi.l2 

bi.va 


Mill  Creek  zanja 

Mill  Oeek,  w:i:««r   Iw-ing  jmmiied  by  (."rati 

Water   Co.  and  others  m   I^lill   Creek  C 

yon  and  Yucaipe  Valley. 


it  ton 
an- 


.1(( 

.36 
.15 

.17 
.;i3 

1.20 

.73 

.10 

.2^1 

a.'M 

alO.tio 


rt.84 
a. (10 

«r).fii 
«.ar> 

10.77 

38.70 

8.4'J 

"a  5^35 
a  3. 44 


Total. 


Cr.iiton  Watrr  v 'o's  pumping  plant.  Mill  Croi-k  ' 

Cany<jn.  ! 

At  mouth  of  Mill  Creek  Canyon 

Total ..i 

San  Timeteo  Canyon  ditch  at  Bicknell  Station  .. 
Return  water,  llaw.s  &  Talmage  ditch  at  head 

gate. 

Return  water,  Rab*d  diurh  at  intake 

Return  water,  Shav  or  Stout  ditcli  at  head 

Return  water,  McKenzie  ditch  -•') »  lect  below 

intake. 
Return  water.  Meoks  iV-  Daley  ditoh,  submerged 

weir  at  intake. 


8.  f  i) 

~«1.~35 

a  7. 21 

8.  "iJ 

~~i7r)0 

.00 

a  .H 

.50 

2. 30 

a  13.  IM 


a  Measurement  by  E.  T.  Wright. 
JR  51—01 7 


6  Over  weir. 
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tedkmeouB  discharge  measurements  in  southern  CaZ//omia«-Continned. 


Stream. 


Santa  Ana  River 


Lt>'a!ity. 


Dis- 
charge. 


..;  300  foot  above  Aubumdalo  brid|?o ;  45.16 

.do !  Newberry  ditch,  Anburndaln  brldife ,  5.47 

.do i  Ditch  south  of  Nowb«jrry  ditch,  Aubumdalu  |  2..ia 

hridpro. 


.do 


Gilliland  ditch,  Aubxirudalr*  bridgo 
Total 


I 


— do Aubumdolo  bridge 

do TowntMiiid ditch,  Auburud^do  bridge. 

do —  I  Fuller's  dit<ili  near  schoolhduso 

do ,  Uiucon  l>ridgo 

do ChinoCroelci'.nder  bridge  on  Chin'>Coroua  road 

» J do '  Rincoii  bridgo 

' do I  ChinoCreok 

do  Durkeo  ditch  near  rauch  liou.so 

j do I  Anaheim  and  Santa  Ana  division  box    

' do I do 

Pumping  plants '  Kast  Kiveraido  Irrigation  District 

\ do ,  Colton  Torraco  Water  Co 

' do '■  City  of  Colton,  upper  ])umpa 

do I  City  of  Colton. lower  ptimps  (estimated) 

do Bloomington,  flume  at  lower  end 

do '  Mill  pump  of  Riverside  Water  Coiiiijany,  not 

I     r;inning. 

' do I  Pomroy  &  Marble,  not  running 

do Johnson  &  Hubbard,  two  Humes 

do :  Base  line  and  Waterman  avenue,  not  running   . 


1.40 


54. :» 


6:^.91) 
5.84 
(5.oO 

t5i).7ti 
3.30 

74.30 
5.(N) 
1.80 

4M.0O 

75. 10 
0.50 
l.(» 
3.57 
3.;J7 

.00 

.00 

1.36 

.00 


]C  measurementa  in  tunnels  nrar  Dcrils  CkitCf  Arroyo  Scco^  Loh  Angeles 

Riwr,  California. 
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Txuinel. 
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s:c. 

Northwest  tunnel _ _ 
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;j.?3 

do 

3.73 

do 

3.43 

L 

do 

3.tt3 

r8 

do 

-'.93 

Northeast  tunnel 

.  .. 

.34 

do 

.396 

do 

.376 

rl3 

do 

.3;» 

I 
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.318 

p8 
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.  m 
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dt) - 

.  736 

.;3a 
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.....do 

do 

...... 
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.:}.so 
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PRECIPITATION   OX    MOUXTAIXS    IX    80UT1IERX 

CALIFORNIA. 

Ill  order  to  obtain  rainfall  data  bearing  upon  rivor  disdiargo,  a 
mber  of  rainfall  gages  have  been  established  at  various  points  in 
I  mountainous  regions  of  California.  Results  obtained  at  these 
alities  during  1900,  together  with  a  few  figures  from  otlier  sources, 
>  given  in  the  following  tables.     The  first  table  gives  the  location  of 

minfall  stations;  the  second  table  gives  the  depth  of  rainfall,  in 
hes,  for  each  month  of  the  year.  Similar  figures  for  1896  are  given 
page  418  qf  the  Eighteenth  Annual  Report,  Part  IV;  for  1897,  on 
le  539  of  the  Nineteenth  Annual  Report,  Part  IV;  for  1898,  on  page 
•of  the  Twentieth  Annual  Report,  Part  IV;  and  for  1899,  on  page 

of  Water-Supply  Paper  No.  39. 

Rainfall  statwna  in  southern  California, 
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BainfaXl  Mtaiioa*  in  aouf/urn  Cali/t/rnia — Continned. 
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CONSTRUCTION  OF  W1QIX8  TS  SOITTIIERX  CAMFORNIA. 

Mr.  H.  N.  Savage,  of  National  City,  California,  states  that  in  con- 
rneting  wells  in  sand  and  small  gravel  he  i^iits  down  a  tube  3  inches 
diameter,  open  at  the  bottom,  the  lower  portion  being  pc^rf orated 
id  wound  with  wire  spaced  1  inch  l)etween  coils.  Around  this  wire 
wrapped  a  wire  gauze  with  50  meshes  to  the  lineal  inch,  and  out- 
le  of  this  the  wire  is  again  wound,  strips  placed  longitudinally  to 
B  pipe  being  soldered  to  each  turn  of  the  wire.  The  pipe  ^vith  this 
rforated  tube  on  the  lower  end  is  sunk  by  forcing  muddy  water 
wn  it,  lengths  being  added  as  the  pipe  descends.  It  has  been  found 
ftt  clear  water  can  not  be  used  successfully,  but  that  a  consider- 
le  amount  of  silt  must  be  kept  in  suspension  in  the  wash  water, 
"esumably  the  sediment  serves  to  coat  the  sand  and  prevent  its 
hering  to  the  outside  of  the  pipe. 

In  adding  new  joints  to  the  top  of  the  pipe,  the  change  is  made  with 
eat  rapidity,  so  as  not  to  shut  off  the  wash  water  for  more  than  a 
w  seconds.  If  the  water  is  stopi)ed  for  a  longer  period  the  sand  will 
ttle  against  the  pii)e  and  prevent  further  progress.  When  the  pipe 
IS  been  settled  into  position,  gravel  is  immediately  shoveled  around 
,  while  the  water  is  still  rising  on  the  outside.  About  one-half 
ibic  yard  of  gravel  is  thus  shoveled  in.  As  soon  as  this  is  done  pump- 
ig  is  started,  to  clean  out  the  well.  A  centrifugal  pump  is  used  for 
le  purpose.  At  first  it  is  necessarj'  to  prime  the  pump  often,  some- 
mes  every  few  minutes.  Pumping  is  continued  until  the  sand  is 
chausted — sometimes  several  days  or  a  week  is  required  to  accom- 
lish  this.  The  top  of  the  pipe  is  then  connected  to  the  permanent 
limp,  no  inside  tubing  being  used. 

Sevei*al  hundred  wells,  most  of  them  about  50  feet  deep,  have  been 
riven  by  Mr.  Savage  by  the  common  sand-pumping  process,  5-inch 
pe  in  lO-foot  lengths  being  used  for  casing,  the  sand  being  jiumped 
it  as  the  casing  is  forced  down  to  good  water-bearing  material.  A 
rainer,  usually  made  of  3-inch  pipe  covered  with  punched  brass  or 
th  wire  gauze,  is  put  down  inside  of  the  casing,  with  a  2-inch  pipe 
tending  to  the  surface  of  the  ground.  The  annular  space  l>etween 
&  interior  of  the  casing  and  the  exterior  of  the  strainer  and  suction 
)e,  extending  to  the  surface  of  the  ground,  is  filled  with  coarse  sand, 
tl  the  casing  is  withdrawn. 

ITsually  the  supply  is  from  a  gang  of  30  or  -tO  wells.  Centrifugal 
mi)s  are  used  exclusively,  generally  horizontal  compound,  discharg- 
;  with  good  efficiency  into  the  main  pipe  line  against  a  head  of  50 
SO  pounds  pressure  per  square  inch. 

Ten  of  these  pumping  plants  have  been  installed  by  Mr.  Savage  for 
i  San  Diego  Land  and  Town  Company,  and  he  makes  the  following 
tements  in  regard  to  them  and  to  the  wells  which  they  serve : 

lie  wells  are  in  a  valley  of  recent  sedimentary  deposits,  consisting  of  uneven 
I  irreigxilar  (a  tewincbee  to  a  few  feet  thick)  strata  ot  ^«A«iAMKtVTk%<,«dXL^ 
separated  by  similar  strata  ot  imperviotiB,  clayey  ttiit,    lYkft  \W8N,  x«8c\\»r- 
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economy' of  Installation,  yield  of  water,  and  duration  of  Bupply^-bsTti  )>eei)obt»inei 
from  wells  about  5i'  feet  apart,  coiiuect«d  to  main  BDction  linea  having  a  pra 
uonuced  grade  away  from  the  pnmp.  The  wells  were  put  down  by  first  ink 
pumping  throngb  5- inch  standard  screw  pipe,  cut  into  lengths  of  about  I'l  (eel,  i 
Band  pomp  or  bncket  with  jar  and  rods  l>eing  used.  The  bncket  is  made  of  4-iiiol 
(ontside  diametar)  casing  pipe  about  6  foet  long.  The  first  section  of  S-inch  pip 
being  started,  alever  is  clamped  to  it.  This  serves  abo  as  a  platform  ripoaicbid 
the  men  staud  while  working  the  sand  pump,  and  when  the  pipe  is  being  tvnitj 
with  the  lever  their  weight  assists  in  forcingit  into  the  p'onnd.  Additional  lenvHt 
of  pip«  are  put  on  as  reiiuired,  and  the  operation  la  continued  nntil  water-heariai 
sand  of  sufScient  coarseness  and  tiiickness  of  strata  irt  found,  when  the  strainer 
with  sufficient  pipe  to  reach  from  the  bottom  of  the  well  to  the  top  of  the  gronnd 
ie  inserted  within  tht*  3-inch  pipe.  The  annular  space  between  the  5-inch  pipe  txtt 
the  ontside  of  the  strainer  with  its  pipe  extension  is  filled  with  coarae  saud  ii 
gravel,  after  which  the  onier  or  5-inch  pipe  is  withdrawn. 

The  strainer  ie  made  of  a  piece  of  3-inch  pipe  from  2  feet  to  4  feet  long  (depeiid- 
log  upon  the  Kneness  of  the  sand-bearing  stratum),  pertomted  with  f-iiicbbolet 
spaced  from  1  inch  to  U  inches  between  centers.  No.  13  B,  W.  O.  wire  it 
wonnd  spirally  over  the  perforated  section  {xbe  spirals  being  sliced  at>ont  1  inch 
apart),  which  then  is  covered  with  a  sheet  of  thlu  brass  pnnctaed  tuU  of  ho.ei 
abont ,",  inch  in  diameter.  The  pnnch  was  specially  designed  for  this  work.  II 
has  34  pointi4  (fonr  rows  of  six  in  a  row) .  and  one  blow  of  the  hammer  is  sufficiuit, 
the  sheet  being  plotted  on  a  wood  block.  The  punch  makes  eitberi)  cone  or  pjma- 
idal  truncated  indenture  through  the  sheet,  which,  when  wrapped  and  soUend 
aronnd  the  perforated  pipe,  gives  a  first-class  strainer.  The  riianieter  of  the  hiJss 
punched  in  the  brass  sheet  is  reduced,  of  course,  with  the  Kneneaa  of  the  nam- 
bearing  material.  The  holes  presented  to  the  water-bearing  sand  are  very  Bm»ll. 
and  9ince  they  increase  in  diameter  toward  the  pit>e.  any  material  fine  enoogb  to 
enter  does  so  without  obstructing  the  opening.  We  use  a  ^incfa  pipe  eitetidiiig 
from  the  strainer  to  the  top  of  the  ground. 

.Vh  cai'h  \\"l\  i-  i-iitapli'te'l  a  No.  (1  DouKlas  hanil  iramp  is  connected  to  the  lop, 
and  it  is  thoroughly  pumped,  to  free  it  from  clayey  matter  aud  fine  sand.  For 
metly  we  tested  each  well  with  a  gasoline- actuated  centrilugal  pnmp,  and  left  tlie 
bottom  of  the  strainer  pi])e  open.  We  have  found  it  desirable,  however,  toping 
the  bottom  of  the  strainer  before  putting  it  into  the  well,  which  of  coorse 
decreases  its  capacity  somewhat,  hut  is  imperative  in  cjuicksand  formatiou^ 
Tbeee  wells  yield  H  or  10  mmers'  iuche!,  each. 

We  are  obtainiug  remarkably  eatiafai-tory  results  from  horizontal  centrifogal 
pimips.  either  single  or  compound,  actuated  by  yasnline  engines,  I  have  jnJi 
completed  a  plant,  the  supply  of  which  is  from  a  small  gang  of  wells,  nhicli  >> 
operated  by  a  No.  a  horizontal  compound  centrifugal  pump  actuated  bj'  t 
Z2-horBepower  gasoline  engine,  the  water  being  discharged  into  the  Sweetwst^ 
distributing  system  against  (HI  pounds  pressure.  When  last  measured  the  plsDi 
was  developing  a  fraction  more  than  3i>  miners'  inches. 

There  are  numerous  "tricks"  connected  with  the  installation  and  operation  o: 
theee  plants,  both  in  sinking  the  wells  and  in  operating  th*>  machinery,  any  om 
of  which,  we  have  found  to  oar  annoyance,  would  either  make  or  break  the  too 
cess  of  the  undertaking. 

IRRIGATION'  IN  UTAH  VAT-LEY,  UTAH. ' 

INTRODUCTION. 

During  the  latter  half  of  the  month  of  August,  1809,  data  wer" 

obtained  for  a  brief  report  on  the  irrigation  .systems  of  Utah  Valley 

'  Report  o(  J.  S.  Baker . 
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.tion  regarding  tlie  history,  the  area  irrigat«d,  etc.,  was  given 
tresidents  and  directoni  of  canal  companies,  by  water  masters, 
hose  most  closely  connected  with  irrigatioQ  along  the  various 
In  many  cases  the  statements  were  from  memory,  although 
cases  they  were  from  records.     Frequently  it  was  necessary, 

0  lack  of  time  in  which  to  make  obsei'vatioiis,  to  accept 
mate  estimated  from  those  who  contributed  the  information. 

of  these  facts  the  data  are  necessarily  incomplete  and  in 
ses  are  inaccurate,  but  they  give,  in  a  general  way,  the  facta 
existed. 
Valley  is  in  the  north-central  portion  of  the  State,  between 

1  Wasatch  Range  on  the  east  and  the  low  Lake  ^Mountains 
west.  There  are  about  150,000  acres  of  irrigable  land  in 
>unty,  most  of  it  in  Utah  Valley.  In  1800  there  were  40,195 
Itivated,  and  36,580  acres  irrigated;  in  1899  there  were  about 
ores  irrigated.  Utah  Lake  occupies,  when  at  a  mean  eleva- 
"compromise  line,"  about  84,000  acres  in  the  northwestern 
the  valley.  The  agricultural  land  lies  along  the  eastern  and 
1  sides.  The  upper  lands  consist  of  gravel,  saud,  and  loam, 
le  lower  lands  bordering  the  lake  are  sandy  loams  and  in 
laces  adjacent  \o  the  lake  arc  marshy. 

p  for  irrigation  is  supplied  by  Provo  River,  Spanish  Fork, 
in  Fork,  Hobble  Creek,  Peteetnetr  Creek,  Current  Creek, 
Creek,  Rock  Canyon  Creek,  Goshen  Wannsprings  Creek, 
'ond.  Smith  Brothers'  spring,  Mapleton  Union  or  North  reser- 
uth  Mapleton  reservoir,  and  Mount  Nebo  reservoir.  The 
tl  facts  in  regard  to  these  sources  of  supply  are  given  in  the 
g  table  and  on  succeeding  pages: 
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The  methods  nf  irrigatiuii  thi-oughoul  the  eatire  valley  are  floodlna 
Tor  sinBll  grains  and  grasses  nnd  the  furrow  method  for  orchards  and' 
vegetables.     The  water  is  distributed  on  a  time  basis. 

1  PROVO   RIVER. 

Pmvo  River  is  the  larjrost  stream  entering  Utah  Valley.  It  basin 
Miiix'e  in  the  &timmit  of  the  Uiuia  Mountains,  on  the  Imuodary  lina 
between  Summit  and  Wasateh  eountiefi,  and  verj'  near  the  Sioaroes  i^ 
Bear,  Weber,  and  Duchesne  rivers.  For  about  IS  mile*  it  flow* 
through  a  jirecipitnus  canyou,  wliieh  in  cases  of  heavy  rainfall  j-ieliU 
1  large  run-off.  The  river  i.s  therefore  subjeol  to  great  fluctuation* 
kt  the  upper  end  of  Provo  Canyon  is  a  large  valley  of  the  same  name, 
rhis  valley  is  useful  to  the  lower  irrigatoi-s  as  an  underground  stoni^ 
MHorvuir,  A  purl  of  tbe  watei"  of  Ihe  river  is  applied  to  the  land  uf 
-he  valley  during  the  early  part  of  the  season,  and  reaches  theriviT 
igain  by  seepage  shortly  afler  the  conimeneeraent  of  the  low-watw 
leriod,  thus  increasing  the  flow  during  that  season.  Indeed,  it  hw 
leen  snggested  by  the  people  of  Pi-ovo  that  the  irrigators  of  the  iipjwr 
■'allej'  be  paid  to  irrigate  the  uncultivate<l  lands  of  that  valley  bosk 
xt  still  further  increase,  by  seepage,  the  flow  of  the  river  l)elowa!  > 
lime  when  w-ater  ia  most  needed.  Since  1883  there  have  been  bot 
'our  years  in  wliich  Provo  Hiver  has  carried  a  BufiBcient  <iuanlily  uf 
irator  to  supply  the  needs  of  the  irrigators  below. 

The  water  of  the  river  is  allotted  as  follows:  Blue  Cliff  canal,  Tim- 
lanogas  canal,  Provo  Bench  canal,  one-eighth;  Roberts's  ditch,  Piui 
d-  Nuttall's  dit.'h,  l!omb  A-  KiiOiardsoirs  ditch.  Rii-hmoiid  it  Pvnri-l't.  ' 
ditch,  Stubbs  »t  Furgeson's  ditch,  West  Union  canal,  two-fifteeiitli"; 
Upi)er  East  Union  canal,  one-twelfth;  Lake  Bottom  canal,  oue- 
fifleenth;  East  Union  eanal,  Factory  race,  City  race,  and  Tauner's, 
forty-three  hundredths;  and  Little  Dry  Om-ek  canal,  one-fifteenth. 

BfueCTifcnnn/.—Thiaia  the  first  canal  diverting  water  from  Provo  Eiver,  It 
heads  abOQt  2l  miles  above  the  mouth  of  Provo  Caujoo.  on  the  north  Bide  oF  Ib« 
Btreain.  The  greater  part  of  it  was  built  by  the  labor  of  the  owners,  but  small  po^ 
tlous  were  bailt  under  contract.  In  oonuectiou  with  this  canal  there  is  contsin- 
plated  a  reservoir  on  Provo  Bench,  three-fourths  of  a  mile  northwest  from  ihf 
month  of  Provo  Canyon,  with  an  area  of  20  acres,  a  depth  of  10  feet,  and  a  capacity 
of  200  acre- feet. 

Timpanogas  canal. — This  is  the  second  canal  diverting  water  from  the  river. 
It  was  built  entirely  by  the  labor  of  the  appropriators.  Measurements  made  Jnlv 
9,  1897,  by  the  water  commiasioner.  Mr,  A.  L.  Booth,  of  Provo.  show  a  discharge 
of  ~.21  second-feet.  An  annual  tax  of  50  cents  per  share,  to  pay  the  water  master 
and  general  expenses  of  operating,  is  levied  on  the  slock  of  the  company.  Con- 
siderable trouble  has  been  experienced  'by  freijuent  breaks  in  the  embankment, 
which  have  deprived  the  irrigators  of  the  use  of  water  for  a  considerable  length  of 
time.  Measnrements  for  seepage  loos  were  made  August  16.  1S99,  one  near  the 
head  and  one  9,500  feet  below.  At  the  upper  point  ihediscbarge  was  10.40  second- 
feet;  at  the  lower  point  it  was  7.83  second-leet.  showing  a  loss  of  2.5T  eecond-teet, 
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or  3<k6  per  cent  of  the  discharge  at  the  head.    This  is  eqnal  to  a  loss  of  3.6  per 
eentper  1,000  feet 

Provo  Bench  canal, — This  is  the  third  canal  diverting  water  from  the  river. 
It  heads  near  the  month  of  the  canyon,  on  the  west  side  of  the  stream.  The 
diTerting  dam  is  made  of  two  large  logs  bnried  to  their  tops,  horizontally,  in  the  bed 
of  the  stream,  at  right  angles  to  the  current.  The  lower  log,  which  is  10  feet 
farther  downstream,  is  the  higher.  On  top  of  the  logs  planks  are  spiked  trans- 
versely. An  apron  of  2-inch  plank  extends  from  the  crest  of  the  dam  20  leet 
downstream.  On  top  of  the  crest  and  extending  along  it  is  a  plank  10  inches 
high,  placed  on  edge.  The  gates  are  two  in  number,  each  7  feet  high,  G  feet  wide, 
and  of  2>inch  plank.  They  are  operated  by  a  rack  and  pinion  and  hand  lever. 
The  original  water  rights  were  acc^nired  by  appropriation,  but  later  the  canal  was 
enlarged  and  water  to  till  it  was  purchased.  Measurements  for  seepage  on  this 
canal  were  made  August  17,  1899.  The  loss  from  that  source  and  from  eva];)ora- 
tion  waA  4.31  second-feet  (ef^ual  to  7.4  per  cent  of  the  amount  at  the  head)  in  a 
distance  of  1.5  miles.  There  are  five  small  ditches  diverting  water  from  the  river 
and  from  what  is  known  as  City  Creek.  Two  of  them— Rol^erts's  ditch  and  Park 
&  Xnttairs  ditch — are  on  the  west  side  of  the  river,  and  three  of  them— Bomb  & 
Blchardson's,  Richmond  &  Penrod  s,  and  Stubbs  6:  Fur^^eson's— are  on  the  east 
aids  of  the  river.  Measurements  of  these  ditches  were  made  August  17  and  IS, 
1899,  the  results  of  which  are  given  in  the  table  on  page  503. 

West  Union  canal, — This  canal  is  the  fourth  one  diverting  water  from  Provo 
River.  It  heads  1  mile  below  the  mouth  of  Provo  Canyon,  on  the  west  side  of  the 
stream.  It  was  constructed  in  1875-70  by  day  labor.  In  1897  the  West  Union 
Canal  Company  consolidated  with  the  £nteri)rise  Canal  Company  under  the  name 
of  the  East  Union  Canal  Company,  and  the  canal  was  enlargeil  so  as  to  carry  the 
supply  of  both  companies.  The  water  has  a  rental  value  of  $2  per  share  i)er 
vrnnm.  Measurements  made  on  July  9,  1»97,  showed  a  discharge  of  29.3  second- 
feet,  and  those  made  on  Aug^t  4, 1897,  a  discharge  of  30.  G  second- feet.  The  inter- 
est in  the  canal  is  sei>arate  from  that  in  the  land;  water  rights  do  not  go  with  the 
1^,  but  are  bought  and  sold  as  other  property.  Each  owner  can  sell  or  rent  his 
proportion  of  the  water  if  he  does  not  care  to  use  it,  but  if  he  does  not  sell  or  rent 
it  the  company  can  do  so  and  the  revenue  goes  into  the  treasury  of  the  company. 
Vp])4'r  East  Union  canal.— This  i^  the  fifth  canal  diverting  water  from  the 
liver,  and  the  uppermost  from  City  Creek,  an  old  river  channel  throuKh  which 
irrijfation  water  for  the  city  of  Provo  is  taken  to  the  four  canals  serving  it. 
The  construction  of  the  Upper  East  Union  canal  was  begun  in  1871  and  was 
completed  in  1874.  It  was  built  by  day  labor  of  the  a[)propriatora  and  by  con- 
tract. The  water  rights  were  acquired  by  original  appropriation.  One  share 
of  stock  in  the  company  covers  the  right  to  the  use  of  enough  water  to  irri- 
^te  1  acre  of  land.  The  canal  was  designed  to  carry  30  second-feet  of  water. 
On  July  9,  1897,  there  were  32.35  second-feet  flowing  in  it,  and  on  August  4,  1897, 
21.45  second-feet.  Measurements  made  in  1890  will  be  found  in  the  table  on  page 
503,  The  loss  in  seepage  on  August  17,  1890,  in  a  distance  of  1  mile,  was  0.75 
second-foot,  or  2.65  per  cent  of  the  amount  at  the  head  of  the  canal. 

Lake  Bottom  canal, — This  is  the  sixth  canal  diverting  water  from  the  river, 
and  the  lowest  from  the  west  side.  It  is  taken  out  about  4  miles  below  the  mouth 
of  Provo  Canyon.  It  was  constructed  in  ISGl,  by  the  labor  of  the  appropriators. 
Measurements  were  made  July  9,  1897,  near  the  head  of  the  canal,  and  showed 
a  discharge  of  15.78  st^cond-feet;  those  made  Angu^t  4,  1897,  showed  a  discharge 
of  13  second-feet.  A  large  amount  of  water  seeps  into  this  canal  from  the  irri- 
gated land  above,  which  consists  of  a  deep  gravel  deposit.  Being  supplemented 
by  seepage  water  it  is  not  so  subject  to  shortage  as  are  the  canals  above. 
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Eaxl  f^iii'oii  1^1  II (I /.—This  is  the  aeventh  canal  diverting  water  from  ProroSi'BC 
It  ie  enpplied  tbrougb  City  Creek.  It  Is  naarly  parallel  to  the  Upper  East  Unian 
canal,  at  an  average  dii^tance  of  iive-eightha  of  a  mile.  It  was  conatmct^d  in  IsiT, 
by  the  labor  of  the  approprialora.  The  capacity  was  designed  to  be  27  aecond-fett. 
In  1H74.  upon  the  petition  of  the  owners,  the  cu&al  waa  plaued  under  the  conirot 
of  tJie  city  of  Prove,  for  tbe  reason  that  moat  of  the  land  nnder  it  was  williij  i 
the  city.  The  water  rights  iire  valoed  at  from  $60  to  3~<*  P^r  acre  for  famu  iind 
|125  per  aere  lor  city  lots. 

Fnelory  loce,— This  race  is  the  eighth  canal  iliverting  water  from  the  nwi. 
It  is  snpplkd  through  City  Creek.  It  was  enlarged  in  1ST3.  when  an  sdJl- 
tioual  amount  of  watfr  was  appropriated.  Its  capacity  in  about  67  8econd-f«A 
LiVe  tbe  East  Union  csntil.  it  was  placed  under  municipal  control  in  1874.  Abool 
three-fifths  of  the  water  of  this  canal  is  nsed  by  the  Provo  mills  for  power  pitt- 
posiM;  the  remainder  is  nsed  for  irrigation, 

T'lnner'n  i-apt.— This  ie  the  tentl)  canal  diverting  water  from  tbe  river.  Boffll 
of  the  water  is  nsed  for  power  porposes.  but  after  baling  paeaed  tbe  mills  it  il 
again  used  for  irrigation.  The  ciipacity  of  the  canal  ia  about  27  second-feet  B 
was  taken  imder  tbe  control  of  the  city  of  Provo  in  1NT4. 

Litlh  Dry  Creek  caiiul.  —This  is  tbe  last  and  the  oldest  oanal  diverting  wiMr 
from  Provo  River.  Its  headworks  are  near  the  northwestern  part  of  the  cityof 
Provo.  It  was  constructed  in  1S,)2,  by  the  labor  of  the  appropriators.  On  July 
9,  IS',1',  a  meaatirement  was  made  which  showed  a  discharge  of  12.5  second-fMb 
Dn  August  4,  1H07,  another  measnretuent  was  made  which  showed  a  dischargeot 
S.S  second-feet.     Measurement  made  in  I8UU  will  be  found  in  the  table  on  page  TiOi. 

I  tMilu  reffarding  l-roro  Riv€r  canals. 
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SPANISH   FORK. 


Spanish  Fork  is  the  second  river  of  iiiiportancp  in  Utah  Valley.  It 
esnear  Soldiers  Summit,  in  the  tops  of  the  Wasatch  Mountains, 
IT  the  eastern  rim  of  the  Great  Basin,  Throughout  the  greater 
rtof  its  course  it  passes  through  a  deep  and  narrow  canyon  about 
miles  in  length,  enters  Utah  Vallcj'  in  the  southi'ast  corner,  and 
nee  flows  in  a  northwesterly  direetioii  into  Utali  Lake,  Tlie  follow- 
canals  divert  water  from  it  for  irrigatiim  purposes: 
lit  Bench  cnnal. — This  canal  heads  a  short  distance  above  the  mouth  of  Span- 
Fork  Canyon,  on  the  north  side  of  the  river.  It  iri'igatos  the  high  bench  east 
M  dty  of  Spanish  Fork. 

ikm  Irrigation  Compatii/'x  i^aiiu/.—Thia  canal  heatlsa  short  distance  below  the 
:  Bench  canal,  baton  the  sonth  side  of  the  river.  It  was  planned  in  \»6H.  aud 
constructed  in  1H09-TO.  by  the  labor  of  the  sppropriators.  Measnrf  ments  are 
e  every  year  at  the  head  gate,  which  is  I  feet  wide,  and  the  deptli  varies  from 
ichesdown.  This  is  all  that  is  known  by  theirrigatorsof  the  amount  of  water 
iag  in  the  canal.  As  a  means  of  keeping;  the  canal  free  from  sediment  and 
itic  vegetation,  it  is  dredged  twice  each  week  duriag  the  irrigation  season, 
dredgo  is  made  of  a  railroad  rail  bent  in  a  V  shape,  the  distance  between  the 
ends  of  the  rail  bemg  equal  to  the  width  of  the  canal.  The  dredite  is  fastened 
tie  apex,  with  the  flange  down,  to  the  rear  end  of  a  curt,  and  is  drawn  down 
mtiro  length  of  the  canal.  This  keeps  the  canal  free  from  vegetation,  prevents 
iccnmolation  of  silt,  and  eliminates  the  necessity  of  an  annual  clean-up, 
ulh  Field  Irrigation  Company's  conu;,— This  canal  is  taken  out  of  the  river 


504 


OPERATI0Nr<    AT    RIVER   STATIONS,   ISHW,— PART    VI. 


OD  the  Bontli  side,  l>e1owt1ie  Salem  canal.  It  irrigates  what  U  known  astheSiw 
isli  Fork  Booth  field.  It  was  oonstmcted  in  IMilT.  partly  by  labor  of  the  approfi! 
atoi'B  and  partly  by  contract,  SleaBurements  are  mods  every  wt^ek.  by  tb 
tiiaeler.  ovei'  a  weir  board.  Ueaenrement  made  in  1H1>I(  U  given  in  the  last  i«l| 
■.in  this  page. 

C'la  cii^d/.— This  canal  lieada  on  the  north  side  of  the  river,  and  condnct*  l| 
water  northwesterly  about  '^  luiieH.  to  the  dty  of  Spanish  Fork.  The  wate 
for  power  and  for  irrigation  purposes.  After  leaving  the  mills  the  water  nsed  b 
power  purpoeea  is  again  used  for  irrigation.  The  water  is  owned  by  three  cc 
panie.-; — Spanish  Fork  Manicipal  Corporation.  Sonth(«st  Field  Irrigation  Compu; 
and  Spanish  Fork  West  Field  Irrigation  Company-  The  canal  was  bnilt  it 
by  day  labor  of  the  appropriutors:  in  I^S-i  it  was  enlarged  to  its  present  evi 
the  division  gates,  where  the  water  in  divided  into  the  three  canole  by  weir 
as  they  are  called,  it  is  controlled  by  the  city  of  Spanish  Fork. 

Ijjki'  Shore  catial.— This  canal  is  tbt)  last  one  diverting  w^ter  from  Spanish  Fi)ll 
It  heads  on  the  south  aide  of  the  river,  nlH)ut  8  miles  west  "f  the  city  of  Sfuas 
Fork.  Thechaonelof  the  river  at  that  [loint  iscnt  deep  into  the  sandy  soil.  ■ 
coneeqnently  the  canal  is  very  deep. 

Diilii  rfoarilinrj  SjHtiiUh  Furk  ainals. 
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AMERICAN   FORK. 

Bpgiimiujr  at  the  north  eud,  the  liix  nvt-r  entenng  Utah  Vulleyi* 
tJie  Amerifau  Fork.  This  stn-aiii  if*  probalily  the  thini  in  iuiiiorlH"* 
It  pises  ill  tlie  nortlieastem  part  of  Utah  County,  on  the  west4'rM  j'loi'* 
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Wasatch  Mountains,  and  flows  in  a  southwesterly  direction  into 
Lake.  The  water  is  used  for  power  and  for  irrigation  purposes. 
^ery  cold  and  is  perfectly  transparent  as  it  emerges  from  the 
anyon  into  the  valley.  The  power  j^lant  is  al)ove  the  headworks 
i  canals,  and  all  of  the  water  reenters  the  river  before  any  is 
ed  for  irrigation  purposes.  All  of  the  water  in  the  river  is 
ed  at  the  mouth  of  the  canyon  into  three  canals,  namely,  the 
^anal,  the  American  Fork  canal,  and  the  Pleasant  Grove  canal. 
)  weir  is  placed  across  and  at  right  angles  to  the  river  bed,  Xmng 
in  place  by  rock  filling.  The  upixM'  side  of  the  weir  is  made 
•vious  by  planking  ami  earth  filling.  Near  the  top  of  the  weir 
»ur  rectangular  openings,  which  allow  the  water  to  flow  into  the 
etive  canals,  two  of  the  oi)enings  being  for  the  American  Fork 
.  The  admission  of  water  is  regulated  by  means  of  flashboards- 
^-at^jrs  of  the  American  Fork  are  divided  as  follows:  Lehi  canal, 
liird  from  July  1  to  September  20,  one-sixth  from  September  20 
ly  1;  American  Fork  canal,  eight  twenty-firsts  during  the  irriga- 
period;  Pleasant  Grove  canal,  two-sevenths  from  April  15  to 
mber  20,  and  from  September  20  to  Ai)ril  lo  only  sufticient  for 
ELTy  pui-poses. 

'  caruiL — This  canal  is  on  the  north  side  of  the  canyon,  and  has  a  westerly 
» to  Lehi,  a  distance  of  5  miles.  A  shortage  of  water  occurs  each  year,  due 
insnfScient  amotint  in  the  river. 

irican  Fork  caiial, — This  canal  receives  its  water  through  the  middle  portion 
river  weir.  The  direction  of  the  canal  is  southwest,  following  the  old  river 
e  greater  part  of  the  distance  to  the  city  of  American  Fork.  The  water  is 
the  control  of  that  city.  The  rights  were  acquired  by  appropriation.  They 
;  to  the  land  for  which  the  water  was  appropriated  and  can  not  be  trans- 
.  There  has  always  been  a  shortage  of  water,  not  more  than  half  the  neces- 
uantity  being  available,  but  there  has  been  no  litigation  on  that  account, 
bly  because  the  distribution  is  under  municipal  control. 
'riiant  Unyve  canal. — This  canal  receives  its  water  from  the  south  opening  in 
nerican  Fork  weir.  The  direction  of  the  canal  is  southeasterly  to  Pleasant 
.    It  irrigates  the  city  lots  of  Pleasant  Grove  and  the  fields  in  that  vicinity. 

iHity  of  irater  nf  American  Fork  canals  in  IS'j'j. 
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HOBBLE  CREEK. 


bble  Creek  enters  IJtali  Valley  at  about  the  c(Miter  of  its  east(M'u 
and  irrigates  th(»  land  in  Springville  and  the  immediate  vicinity. 
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All  of  the  canals  di%'ertiiig  water  from  thf  creek  are  under  tiieiN 
trol  of  the  city  of  Springville.  A  water  privilege  oonsisis  of  the  rig 
t^>  nsp  a  certain  amount  of  wat«r,  apiwrtioned  by  the  water  m 
for  tliree  hoiire  per  acre  (."acli  three  weeks.  These  rights 
acquii-ed  by  appropriation,  and  can  not  be  transfen-ed  from  one  part 
to  another  exeeiit  by  a  transfer  of  the  land.  The  chief  w^aler  mi 
is  appointed  by  the  city  council  for  the  tenn  of  one  year.  He  in 
uppoints  sub  water  masters,  who  divide  the  wat^r  among  the  in 
gators  of  tlioir  resp^^ctive  districts. 

There  in  an  annnal  tax  of  C  cents  per  acre  watt>red,  to  meet  tb 
expenses  of  the  system.  Usually  there  are  sis  applications  of  til 
water  to  the  land  each  year,  some  crops  requirinp  moi'e  and  some 
than  that  number. 

Nearly  every  year  prior  to  1899  there  lias  l>eeu  a  shortage  in  tbi 
canals  diverting  water  from  Hobble  Creek,  bat  there  has  never  bm 
any  litigation  in  consequonce  of  the  shortage.  When  the  waUi 
becomes  low  in  the  latter  part  of  the  seaaou  the  irrigators  having  llu 
titles  of  most  recent  dates  are  deprived  of  the  nse  of  the  water,  idld 
which  is  reserved  for  those  having  jirior  rights. 

Maplfton  ReHervuir  c<ino/.— This  is  the  uppermost  canal  divertiay  water  ftffln  \ 
Hobble  Creek,  it  beads  a  short  diatunce  alnve  the  month  ot  the  can^oii.  It  kh  j 
constructed  iu  ia?8,  hy  the  appropriators.  In  the  Bjiringof  1699  it  wb«  bonghlbrj 
the  city  of  apTingville  for  ^TriO.  under  an  Bgreement  which  gave  the  fonnerowMFI^ 
an  eqnal  right  with  the  remainder  of  the  Springville  irrig-ators. 

Maptetim  Union  canal. — This  is  the  Becond  canal  diverting  water  from  HobUa  i 
Creek.  It  takes  its  water  from  the  south  side  of  the  stream.  It  was  built  in  IHSl  < 
and  went  under  the  cnutrcil  of  the  city  ia  1877. 

Svrth  Bench  caiml. — Thia  is  the  third  canal  liiverting  water  from  the  cretA, 
and  the  uppermost  on  the  oorth  nide.  It  was  built  in  l'''>2.  The  seepage  iotoil 
froni  the  hillside  was  found  to  be  0.04  second- foot  in  a  distance  of  three- tourllisol 
a  uiile. 

Inland  canal, — This  is  the  fourth  canal  diverting  water  from  the  crei'k.  It  i* 
taken  out  on  the  north  side,  and  was  constructed  in  1851. 

Sage  Crei'k  mnal.— This  is  the  fifth  canal  diverting  water  from  the  creet.  I' 
is  on  the  sonth  side  of  the  stream.  It  waa  constructed  in  ISfiO,  ^^y  the  labor  of  tlis 
appropriators. 

South  Big  Field  ditch.— This  canal  diverts  water  from  the  north  side  of  tbe 
creek.    It  waa  constructed  in  18iil. 

City  ditch. — This  is  the  lowest  ditch  diverting  water  from  Hobble  Creet.  I' 
was  constructed  in  19."i0,  by  the  labor  of  the  owners. 

Data  regarding  HMite  Crii'k  iiiiiuli. 
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PETEETNETR  CREEK, 
haps  the  best  and  mo»t  complete  irrigation  »,vstL'iii  in  I'tah  Vnl- 
that  of  Peteetnetr  Creek.  This  stream  hiis  its  soin-c-e  near  the 
the  high  mountains  north  of  Mount  Nobo,  nlxmt  10  miles  aouth- 
if  Payson.  At  the  head  of  tlie  ei-L-ek  nnd  its  branches  are  five 
^oirs.  The  largest  covers  30  a<ires  and  has  a  mean  depth  of  10 
the  next  largest  covers  23  acres  anil  iias  a  mean  depth  of  10  feet ; 
hers  cover  from  7  to  10  acres  em-h,  witli  mean  deptlis  of  from  5  ■ 
eet.  The  dams  are  all  of  earth.  The  construction  of  the  largest 
:oir  is  underthe  charge  of  Mr.  R,  C.  Gemmel,  State  engineer  of 

The  reservoirs  were  begun  in  1887,  but  no  benefits  were 
5d  from  them  until  1891.  They  »rv>  fe<l  principally  by  the  flood 
s  that  occur  during  the  spring,  the  springs  flowing  to  them  being 
.  The  reservoirs  ami  the  <M-eek  are  under  the  conti-ol  of  the  city 
yson.  There  is  an  annual  tax,  for  the  maintenance  of  the  sy.s- 
,nd  the  payment  of  the  water  master,  of  2.5  cents  per  aci-e  for 
I  and  i;5  cents  per  acre  for  city  lots.  The  water  of  the  creek  and 
tservoii-s  is  divided  into  seventeen  streams,  through  seventeen 
ilotti  weirs,  and  the  water  of  the  streams  is  distributed  on  a  time 

The  area  irrigated  is  1,400  acres.  The  flow  of  tlie  creek  is 
ired  above  all  diviirsions  over  a  rcct-jtngular  weir  with  12  feet 
1  of  ci-est. 

Meamtrentents  over 


Fete^ttietr  Creek  in  W,'' 

S,'.&. 

■  JiarKe  | 

— Tbe  number  of  aore-feet  and  the  depth  are  greatei 
Eounit*  baliui  made  a  neat  dUtaaoe  from  the  land  to  w1 
itn#  casMosUa  loaa  ^  aeopaga  and  STaporatfam. 


^8 
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Tht'  walior  of  thecrook  was  appnjpriated  in  1851.  The wntt-r  maste 
Hppuiiilied  by  th«i  city  cuiuicil,  attends  to  the  ^cmeral  diviHioii  of  th 
wati>r  at  thei  WBlra,  When  necessary  he  appoints  sub  w»t*r  luast^i 
to  attend  to  tbe  subdivision.  At  the  beginnings  of  each  irrigati« 
season  the  water  master  issues  to  each  irrigator  a  schedule  statiflj 
the  time  at  which  he  ia  to  t^ke  the  water  for  each  turn  daring  t 
entire  season.  There  has  not  been  a  shortage  of  water  on  this  strejun 
since  1S88,  and  there  has  been  no  litigation  on  aecounl  of  shortage. 

The  principal  crops  raised  are  wheat,  oat.'i,  potatoes,  fruit,  and  sngar 
beets.  Of  the  last,  160  acres  were  raised  in  1898,  the  average  yieW 
being  IS  tons  per  acre.  This  wonld  make  a  total  of  2,880  tons,  tirt 
value  of  which,  at  83.75  per  ton,  would  be  *10,800,  or  467.50  per  acrt, 

I  CURRENT  CREBK. 

1  This  eroek  heads  near  the  western  base  of  Mount  Nebo.  Its  gen- 
eral course  is  uorth.  It  is  about  12  miles  lung,  and  empties  into  Utah 
Lake  at  the  extreme  southern  end. 

Us  waters  are  impounded  by  a  dam  placed  across  the  channel  about 
1  mile  west  i»f  Goshen.  This  reservoir  is  used  as  a  distribution  biisia, 
from  which  seven  canals  receive  their  supply  of  water.  The  treelf 
irrigates  about  2,500  acres.  The  irrigation  period  extends  from  April 
1  to  Oct<il»er  1. 

On  the  west  side  of  Mount  Nebo,  in  the  south  end  of  Utah  CouEiy, 
in  what  is  known  as  Mona  Valley,  i»  the  Mount  Kebo  Laud  and  IrrigH- 
fcion  Company's  reservoir,  which  when  full  covers  about  2,000  scrcf 
to  a  mean  deptli  of  12  feet,  and  is  supplied  by  the  winter  flow  of  Cur- 
rent Creek.  The  dam  is  built  of  selected  and  graded  earth.  The  top 
length  is  215  feet,  the  bottom  length  125  feet.  The  bottom  width  is 
101  feet,  the  top  width  10  feet,  the  height  25  feet.  About  25  feet 
down  the  lower  slope  there  is  a  3-toot  berni.  The  entire  dam  is  eoT- 
ered  with  riprap.  The  outlet  tunnel  is  cut  through  the  solid  roolc, 
about  37  feet  below  the  surface.  The  valves  are  of  tlie  kind  known 
as  the  butterfly  valve — fastened  to  vertical  shafts  an<i  oi>eraled  from 
the  valve  house  by  a  worm  gear.  The  spillway  is  cut  through  the 
solid  rock  around  the  northern  end  of  the  dam.  It  is  25  feet  wide,  5 
feet  deep,  200  feet  long,  and  its  crest  is  5  feet  below  the  top  of  the 
dam.  The  water  is  drawn  off  and  emptie<l  into  the  old  creek  1>«I 
below  the  dam,  and  is  carried  down  the  canyon  alniut  2  miles  to  the 
division  gates,  whei-e  the  reservoir  water  is  diverted  into  the  canal  of 
the  Mount  Nebo  Irrigation  Company,  and  the  natural  flow  of  the 
stream  is  allowed  to  pass  down  tlie  old  channel.  The  water  of  the 
Motint  Nebo  Irrigation  Company  is  conducted  b\-  a  semicircular  stAve 
flume  the  greater  part  of  the  distance  down  the  canyon.  One  cross- 
ing of  the  canyon  is  made  on  a  trestle  and  another  by  means  of  an 
Inverted  siphon.     At  each  end  of  the  siphon  the  flume  is  gi-adnally 
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icted  into  the  pipe.  In  1899  the  water  from  this  reservoir  irri- 
about  2,100  acres,  but  there  was  only  about  five-sixths  of  the 
ity  necessary  to  mature  the  croi)s.  There  are  about  10,000  acres 
id  tributary  to  the  canal. 

SUMMIT  CREEK. 

nmit  Creek  rises  in  the  tops  of  the  mountains  on  the  south-central 
>f  Utah  Valley.  Its  course  is  northwest,  and  its  lenp^h  about  8 
.  The  first  and  only  measurement  of  the  stream  made  by  the 
r  was  on  August  23,  1899.  The  discharge  at  that  time  was  14.64 
d-feet.  The  stream  is  owned  and  controlled  by  the  Santaquin 
itionand  Canal  Company,  which  was  incorporated  in  1875.  The 
tion  season  is  from  April  1  to  October  25. 

GOSHEN  WARMSPRINGS  CREEK. 

is  creek  rises  in  the  level  of  Goshen  Vallej' — adjacent  to  Utah 
y  at  the  extreme  southern  end — near  the  base  of  the  Nebo  Range, 
Tigates  land  on  the  east  side  of  Goshen  Valley.  On  August  23, 
the  aggregate  discharge  of  the  streams,  three  in  number,  was 
ated  to  be  5.5  second-feet,  which  was  an  average  of  the  flow  for  the 
n.  The  number  of  acres  irrigated  is  825.  The  irrigation  season 
ds  from  April  1  to  October  1,  or  183  days.  The  total  discharge 
g  that  time  would  be  2,006  acre-feet,  which  would  cover  the  825 
to  a  depth  of  2.42  feet.  The  crops  raised  are  meadow  hay, 
a,  and  grain. 

ROCK  .CANYON  CREEK. 

Is  stream  flows  from  a  deep  c*anyon  northeast  of  the  (rity  of  Provo, 
rrigates  land  lying  between  the  foot  of  the  mountains  and  the 
anogas  canal.  The  irrigation  season  extends  from  April  1  to 
mber  1.  The  mean  discharge  during  tlie  irrigation  season  is 
y^  4  second-feet,  or  a  total  of  1,214  acre-feet.  The  area  irrigated 
acres,  which  would  be  covered  to  a  depth  of  3.04  feet.  The  soil 
its  of  a  gravel  and  sand  wash.  The  (*rops  raised  are  gi'ain  and 
a. 

SPRING  LAKE  CREEK. 

s  creek  has  its  source  in  a  small  lake  or  pond  which  covers  20 
to  a  mean  depth  of  4  feet.  It  is  used  as  a  storage  reservoir  and 
s  a  means  of  raising  the  water  suftieiently  to  irrigate  the  higher 
A  measurement  of  the  stream  was  made*  on  August  23,  1809, 
ischarge  being  2.89  second-fe<^t.     The  number  of  acres  irrigated 
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h  RATI?JG  TABLES. 

'  The  following  pages  contain  the  rating  tables  for  the  various  rivf 
stations  described  iii  Water-Supply  Papers  Nos,  47  to  51,  inolnsirft 
In  eacb  case  the  table  shows  the  relation  which  has  been  found  1* 
exist  during  the  year  190(i  between  the  height  of  wat^^r  on  the  g:^^ 
and  the  discharge  in  cubic  feet  per  second.  The  tables  have  beei 
prepareil  fi-om  measurements  made  during  lUOO  or  previous  yest^ 
and  are  used  in  coniputiug  the  daily  flow,  the  results  of  which  will 
be  published  in  tlie  Twenty-second  Annual  Report,  Part  r\'. 

Referringto  the  tables,  the  numbers  in  parentheses  in  the  box  heads 
are  the  |>ages  in  the  Water-Supply  Papers  of  the  series  for  1300  (So. 
47  to  51 ,  Inclusive)  on  which  the  various  gaging  stations  are  descrilied. 
At  the  end  of  the  descriptions  ai-e  given  the  result**  of  discharge  in«ii» 
urements  made  during  lEtOO  and  the  daily  gage  heights.  From  thei* 
and  earlier  data  the  relation  of  gage  height  to  discharge  liasbnui 
deduced.  Take,  for  example,  the  first  t-able — Delaware  River  at  LftB- 
bertville,  New  Jersey.  On  page  80  of  Wat^r-Supplj'  I'ajwr  Xo.  47 
is  given  the  daily  gage  height,  in  feet,  at  that  station  during  the  yew 
1300.  On  March  1  the  gage  height  was  5.40  feet.  The  flow  eqiiivs- 
lent  to  that  gage  height  is  shown  in  tlie  following  table  to  be  iO,'0' 
second-feet.  With  the  gage  heights  and  the  rating  lablee  at  linndi 
the  daily  and  moutlily  flow  of  any  stream  can  easily  be  determined, 
The  latter  (the  monthly  discharge)  has  been  worked  up  for  most 
stations  maintained  by  the  Survey,  and  will,  aa  already 
published  iu  the  Twenty -sei-oiid  Annual  Report,  Part  IV. 
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EATTKO   TABLES. 
Rating  tabktfor  stations  in  South  Carnlina  and  Georgia. 
[KtunberalnUiihudarefeT  topagea  In  W«ter-8upply  Paper  No. -ft.) 
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Eatinfi  lablcufnr  gtalionK  in  Georgia,  Alaliama,  Maryland,  atut  I'l/piniVt. 
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^  DRATN'AGE  AREAS. 

V  The  following  table  ^tcs  the  areas  of  the  drniiMfre  biuiuia  Ma 
iaemioiied  in  this  and  other  reports  of  the  Division  of  Bydroa 
A  similar  table  was  printed  in  Water-Sup  ply  Papyr  Nu.  11,  pg( 
to  lOn.  Most  of  the  areas  have  been  obtained  by  plauimotvr nMi 
meut  of  the  best  maps  available,  the  tupot^'aphic  nLlas  9bMU<(< 
United  States  Geulogica!  Survey  being  used  for  saob  dratnagick 
a»  ha\'e  been  mapped. 

Dritimme  .;  wm  of  slreama  in  the  United  Statai. 

SqiMHi 
Alabama  River  at  Moatgomery,  Alabama U 

Alabama  Biver  at  Selma.  Alabama --   .. It 

Alleghon.v  River  at  Warren.  Peiinsylvaaia 

Allegheny  River  at  Oil  City,  Pennsylvania.. — 

Allegheny  River  at  Parkers  Landing,  Pennsylvania 

Allegheny  River  at  Mahoning,  Pennaylvania - ' 

Allegheny  River  at  Frpeport.  Pennsylvania I 

Alleijheny  River  at  Piltabnrg.  Pennsylvania tl 

Allegheny  River  M  month,  Pennaylvania _..  II 

Aliens  Creek  (tributary  of  Genesee  River  j  at  month.  New  York 

American  Fork  near  American  Fork,  Utah ... 

Androsct^gin  River  below  junction  of  Umbagog  Outlet  and  MagaBawB; 

River,  Maine -  

Androscoggin  River  at  Berlin  Falls,  Maine —. 

Androscoggin  River  at  Rumford  Falls,  Maine : 

Androscoggin  River  at  Livermore  Falls.  Maine .    I 

Androscoggin  River  at  Lewiston,  Maine ;. I 

Androacoggin  River  at  Brunswick,  Mains  .  _ 1 

Angelica  Creek  (tributary  of  Genesee  Riven  at  njooth,  NewTiwk 

Animas  River  at  Durango,  Colorado _ 

Antietam  Creek  at  Shar|isbiirg,  Maryland   _ 

ArbtnaasRivr,  East  Fork,  near  Lcadvill-,  CoUirado 

Arkansas  River,  Lake  Fork,  near  Lendville,  Colorado _ 

Arkansas  River.  TenneB^ee  Fork,  near  Leadville,  Colorado  ._ _. 

Arkansas  River  at  Granite,  Colorado 

Arkansas  River  at  Salida.  Colorado,  above  South  Fork 

Arkansas  River  at  Canyon,  Colorado _ ,.,     1 

Arkansas  River  at  Swallows,  Colorado __ ■ 

Arkansas  River  at  Rock  Canyon,  Colorado 

Arkansas  River  at  Pneblo,  Colorado 

Arkansas  River  at  Ne|)esta.  Colorado _  _  _ I 

Arkansas  River  at  Rocky  ford.  Colorado 11 

Arkansas  River  at  La  Janta,  Colorado,  including  Fountain  Creek  drainage 

(1,011),   _ 11 

Arkansas  River  at  Lamar.  Colorado U 

Arkansas  River  at  Granada,  Colorado S 

Arkansas  River  at  railroad  bridge  above  Holly.  Colorado,  including  Ani- 
mas River  drainage  (3,:"iTi ___ S 

Arkansas  River  at  Colorado- Kansas  State  line... 3^ 

Arkansas  River  at  Hutchinson.  Kansas _ 3' 

Arkansas  River  in  Colorado _ SQ.THi 

Arkansas  River  in  Kansas T.  CMO 
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Square  miles. 

ihloT  Creek  <  tribntary  of  Qreen  River)  at  the  canyon ,  Utah 250 

my  Creek  (tributary  of  French  Broad  River)  at  bridge  on  road  from 

Mills  River  to  Asheville,  North  Carolina 8 

lid  Creek  (tributary  of  Nolichncky  River)  at  month.  North  Carolina. . .  15 

lid  Mountain  Creek  1  mile  above  mouth,  North  Carolina 16 

■rill  Creek  (tributary  of  Caliente  Creek),  California 96 

ittenkill  River  at  month,  New  York 438 

«ttle  Creek  at  Battlecreek,  Michigan 180 

attle  Creek  at  month,  Michigan 244 

Creek  at  Morrison,  Colorado 170 

Creek  (tributary  of  Nolichncky  River)  at  Flat  Rock,  North  Carolina .  10 

Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 17 

River  at  Soda  Springs,  Idaho 3, 940 

ir  River  at  Battlecreek,  Idaho 4.  .500 

Hiver St CoUineton, Utah 6.000 

terds  Creek  (tributary  of  Gtenesee  River)  at  mouth,  New  York 41 

leaver  Creek  (tributary  of  New  River)  at  mouth.  North  Carolina 16 

leaver  Creek  (tributary  of  Nolichncky  River)  at  mouth,  near  Sprucepine. 

North  Carolina 6 

leaver  Dam  Oeek  (tributary  of  French  Broad  River)  50  yards  above 

mouth.  North  Carolina 14 

leaver  Dam  Creek  (tributary  of  Watauga  River)  at  Leander,  North  Caro- 
lina     21 

leaver  Dam  Creek  (tributary  of  Holston  River)  at  Damascus,  Virginia. . .  57 

^eaverkill  Creek  (tributary  of  Delaware  River)  at  mouth.  New  York 822 

Beaver  River  above  Beaver,  New  York 153 

Beaver  River  below  Beaver,  New  York 169 

Beaver  River  at  mouth,  New  Y6rk 822 

Beech  Creek  (tributary  of  Watauga  River)  above  mouth  of  Fogey  Creek, 

North  Carolina 16 

Big  Bugaboo  Creek  (tributary  of  Yadkin  River)  at  ford  on  road  from  Roar- 
ing River  to  Elkin,  North  Carolina 17 

Big  Elkin  Creek  (tributary  Of  Yadkin  River)  at  railroad  trestle  at  Elkin, 

North  Carolina 35 

Big  Qoose  Creek  at  Sheridan,  Wyoming,  below  mouth  of  Little  Goose 

Greek 320 

Bighorn  River  at^Thermopolis,  Wyoming s.  184 

Big  Ivy  Creek  (tributary  of  French  Broad  River  j  one-eiglith  mile  below 

mouth  of  Bull  Creek,  North  Carolina 158 

Big  Laurel  Creek  (tributary  of  New  River)  at  mouth.  North  Carolina. . .  29 
Kg  Pine  Creek  (tributary  of  French  Broad  River)  above  mouth.  North 

Carolina 16 

Big  Rock  Oeek  (tributary  of  Nolichncky  River)  at  ford  on  Huntdale- 

Bakersville  road.  North  Carolina 60 

Big  Sandy  Creek  at  Dadeville,  Alabama 195 

Big  Thompson  Creek  at  Arkins,  Colorado 305 

Bitterroot  River  at  Missoula,  Montana 0. 260 

Black  Creek,  Upper  (tributary  of  Genesee  River),  at  mouth.  New  York. .  39 

Black  Creek,  Lower  (tributary  of  Genesee  River). at  month,  New  York.  212 

Black  River  at  Forestport,  New  York 268 

Black  River  at  Lyons  Falls,  below  Moore  River,  New  York 810 

Black  River  at  Carthage.  New  Y^ork 1,741 

Black  River  at  Watertown,  New  Y'ork,  gaging  station 1 ,  889 

Black  River  at  mouth,  New  Y'ork i,930 
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JlaektooC  Eiver  foot  marshes  in  sw.  12,  T.  5  S.,  E.  40  E„  IdjUio.. 

llackfoot  River  at  Bonner.  Montana.. 

Sack  Fork  or  Green  River  3  mil ea  west  of  Granger,  Wyooung  -- 
Jlack  Fork  of  Green  River  at  Granger,  Wyoming,  including  Hams  P 

Jlacksmith  Fork  at  Hyrom,  Utah 

Jlftck  Warrior  River  at  TuHCaloosa,  Alabama 

line  River  at  Mauhattan,  Kansas - 

Jlno  River  in  Kansaa . 

Jhie  River  in  Nebraska- - 

Joardman  River  81  Traverse,  Michigan 

Joiae  River  at  Boise.  Idaho      I 

Joise  River  at  Caldvuell,  Idaho i 

JooneForkof  Watauga  Eiver  at  Shnll'a  mill,  North  Carolina 

Jonlder  Creek  at  Boulder,  Colorado -- 

Sowleo  Creek  ilribntary  of  Nolichncky  River)  near  BamaTille.  Nortk 

Carolina -.. 

3oylBton  Creek  (tribntHry  of  French  Broad  River)  at  bridge  near  tnondi. 

North  Carolina - 

^roa'l  River,  South  Fork,  at  month,  Georgia 

3road  River,  Korth  Fork,  at  Carlton, Georgia 

3road  River  at  bridge  above  mouth  of  BnlFalo  Creek,  North  Carolina 

3road  River  at  Gaffney,  South  Carolina _- 1 

3rofld  River  at  Alatoa,  Sonth  Carolina * 

3rown  Creek  (tribalaryof  Nolichucky  Riverl  at  ford  on  Marion-Mica- 

ville  road.  North  Carolina 

3rnnean  Rivar  at  Grandvlew,  Idaho —    i 

3ru8h  Creek  (tributary  of  Watauga  River;  near  Carter,  Tennessee 

3n('k  Creek  (tributary  of  Catawba  Eiver)  near  month.  North  Carolina.. 
Buffalo  Creek  (tributary  ot  Broad  River)  at  main  ford.  North  Carolina.. 
BoSalo  Creek  (tributary  of  New  River)  one-eighth  mile  above  month. 

North  Carolina . . .  _ - .        

Buffalo  Creek  (tributary  of  Watauga  River)  at  moulh,  Tennessee 

Bnttemat  Creek  (tributary  of  Susquehanna  River)  at  month.  New  York, 

Byars  Creek  (tributary  of  Holaton  River)  at  mouth,  Virginia 

Cache  la  Poudre  River  at  Fort  Collins,  Colorado : 

C&liente  Creek,  California: 

Tehaehapi  Creek  103 

Caliente  Creek  proper. __. 319 

Basin  Creek 96 

Calowa  River  at  Forks,  Washington 

Canadaway  Creek,  West  Branch,  above  Fredonia.  New  York  

Canadian  River  in  Kansas - 5. 110 

Canadian  River  in  New  Mexico _ _...     16,900 

Canadian  River  in  Te.xas 18, 620 

Canandaigna  Outlet  at  inlet,  head  of  Canandaigua  Lake,  New  York 

Canandaigua  Outlet  at  foot  of  Canandaigna  Lake,  New  York 

Canandaigua  Outlet  at  Phelps.  New  York 

Canandaigna  Outlet  at  inaction  with  Mud  Creek,  New  York 

Canaseraga  Creek  (tributary  of  Genesee  River;  at  month.  New  York 

Caocomgomoc  River  at  entrance  into  Chesnncook  Lake,  Maine 

Caneadea  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York 
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Square  milec 
:  (tribntaxy  of  Nolichncky  River)  one-half  mile  above  month, 

irolina... .* 30 

:  (tribntary  of  Catawba  River)  near  month,  North  Carolina  . .  16 
ik  (tribntary  of  French  Broad  River)  at  bridge  near  Westfall's 

)rth  Carolina 88 

er  (tribntary  of  Nolichncky  River)  near  Big  Tom  Wilson's, 

irolina 21 

iT  (tribntary  of  Nolichncky  River)  1 A  miles  above  mouth,  North 

- 148 

er  (tribntary  of  Nolichncky  River)  at  mouth  near  Huntdale, 

irolina 158 

iver  (tribntary  of  Chemung  River)  at  mouth.  New  York 780 

River  at  Fayetteville,  North  Carolina 4, 493 

rer  near  Empire,  Nevada 804 

^er,  Blast  Fork,  at  Rodenbahs,  Nevada 414 

rer,  West  Fork,  at  Woodf ords,  California 70 

;iver,  North  Fork,  near  month,  North  Carolina 84 

»iver  near  Oldfort,  North  Carolina 12 

iiver  at  Morganton,  North  Carolina 758 

Liver  at  Lookout  Shoals,  North  Carolina 1 ,  424 

liver  at  Catawba,  North  Carolina 1,514 

liver  at  Fort  Mill,  South  Carolina 2,987 

Creek  (tribntary  of  Seneca  River)  at  mouth.  New  York 94 

)ek  (tribntary  of  French  Broad  River)  at  ford  of  Brevard- 

oad,  North  Carolina 11 

&nch  (tribntary  of  Nolichncky  River)  near  Bnmsville,  North 

7 

Creek  below  Johnstown,  New  Tork,  gaging  station 40 

Creek  at  month.  New  York 02 

let  (tribntary  of  Cayuga  Lake,  New  York) ,  including  Cascadilla 

173 

^e  at  outlet,  New  York 1, 593 

?ek  (tributary  of  Susquehanna  River)  at  mouth,  New  York...  148 

Lake  at  outlet.  New  York 9 

jk  f  tributary  of  Holston  River)  at  mouth,  Virginia 6 

rer  at  Abiquiu,  New  Mexico 2,300 

I  Lake  in  New  York 2,950 

I  Lake  in  Vermont 4, 270 

[  Lake  in  Quebec 740 

I  Lake,  area  of  water  surface 400 

8, 360 

3hee  River  at  Oakdale,  Georgia 1, 560 

3hee  River  at  West  Point,  Georgia 3, 300 

Eliver  (tributary  of  Susquehanna  River)  at  mouth.  New  York..  178 

la  Outlet  at  Chautauqua  Lake.  New  York 178 

la  Outlet  below  Cassadaga  Creek,  New  York 843 

jr  at  Uneva,  West  Virginia 1,375 

3r  at  Rowlesburg,  West  Virginia 886 

River  at  junction  of  Canisteo  and  Cohocton  rivers,  New  York. .  1 ,  941 

River  at  Elmira,New  York 2,055 

River  at  mouth,  New  York 2, 518 

River  (tributary  of  Susquehanna  River)  above  Canasawacta 

ewYork 297 
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Chenango  RiTBr  ( tributary  of  Snaqneh anna  BiTer)  above  Tiou^hnioga,  New- 
York -.-     

Cbenaogo  River  (tribatarv  o(  SuBqnehanna  River  j  at  month,  N«w  York.      I. 
Cheuevaa  Creek  itribatary  oF  Susquehanna  Riveri  at  motitb.  Nevr  Vork_ 

Chenumlii  Creek  ifributaiy  of  Genesee  Riven  at  mnnth.  New  York 

Cherry  Valley  Creek  (tributary  of  SnaquehaauB  River  i  at  luontli.  New 

York -.- 

Cheyenne  Birer  in  Montauft 3,750 

Cheyenne  Hirer  in  Nebraska 17,910 

Cheyenne  River  in  North  Dakota 39.770 

Cheyenne  River  in  South  Dakota 40.^ 

Cheyenne  River  in  Wyomintt 12,030 

IH 

Chitt«nango  Creek  nt  Bridgeport,  New  York,  gaging  elation,  incladlng 

Cazenovia  Lake _- .. 

Chittenango  Creek  at  month.  New  York 

ChowchUla  Creek  above  sec,  l.T.es.,  R.  18  E.,  California 

Cimarron  River  at  Ark alon.  Kansas 8. 

Clam  Lakes  at  outlet.  Michigan  i' witter  atirface  6.7  aquare  mile») __. 

Clam  River  at  mouth.  Michigan. 

Clftrifju  River  (tribniary  of  Allegheny  Riverl  at  Clarion,  Pennsrlranbi.. 

Clear  Creek  4  miles  weet  of  Buffalo.  Wyoming 

Clear  Creek  at  Forliscreek,  Colorado,  gaging  atation  ,-- 

Clear  Creek  near  Granite,  Colorado ..^.-. 

Clear  Creek  (tribntary  of  Catawba  River)  near  month. Korth  Carolina... 
Clyde  River  at  Lyons,  New  York,  junction  of  Canandaigaa  Ontlet  and 

MudCreek - -.- - 

Clyde  River  at  Clyde,  New  York . 

Clyde  River  at  mouth.  New  York.. 

CobbosBeec'intee  River  near  Augueta,  Maine  _ _ 

Cohocton  River  (tributary  of  Chemung  River)  at  mouth.  New  York 

Cohocton  Biver  (tribatary  of  Susquehanna  River)  at  month.  New  York, . 
Colbert  Creek   (tributary  of  Nolichucky   River)    at   ford  on  Micaville- 

Marion  road.  North  Carolina .  _ _   

Cold  Creek  (tributary  of  Geneeee  River)  at  month.  New  York 

Colorado  River  at  Austin.  Texas _  _ 3T, 

Colorado  River  in  Arizona' - .J6, 1^3 

Colorado  Biver  in  California  ' _ 8.610 

Colorado  River  in  Colorado ' j,  490 

Colorado  Biver  in  Nevada  ' - 3.200 

Colorado  River  in  Neiv  Mexico' lO.ftXi 

Colorado  Biver  in  Utah '.,_ _ 31, '133 

lU, 

Colorado  River  at  Yuma,  Arizona i35. 

Columbia  River  in  Idaho .._ _ 7.f'>fl 

Columbia  Biver  in  Oregon 24.093 

Columbia  River  in  Montana _ 3a,00l> 

Columbia  Biver  in  Washin^iton _ :,'0.  IflO 

Conasaugft  River  at  mouth.  New  York 

Conejos  Biver  at  Los  Mogotes.  Colorado - . 

Conejos  River  at  Conejos.  Color.ido  .  _ 


Lduilm?0ram1,li 
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Square  mQes. 

liake  (tributary  of  Qenesee  River)  at  month.  New  York 89 

mt  River  at  Holyoke,  Massachnsetts 8.66() 

mt  River  at  Hartford,  Connecticut 10,234 

gb  River  (tributary  of  Allegheny  River)  at  Saltsbnrg,  Pennsyl- 

1.403 

gh  River  (tributary  of  Allegheny  River)  at  Johnstown,  Pennsyl- 

. 711 

frer  stRome,  G^rgia 4.000 

7er  at  Lock  No.  4,  Alabama 7,053 

rer  at  Riverside,  Alabama 7,065 

7er  at  Lock  No.  5,  Alabama 7,648 

:tee  River  at  Carters,  Georgia 581 

itee  River  at  mouth,  Georgia 885 

Creek  (tributary  of  Delaware  River)  at  mouth,  New  York 82 

I  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York 82 

)od  Creek,  South  Fork,  near  Buena  Vista,  Colorado 28 

x)d  Creek,  Middle  Fork,  near  Buena  Vista,  Colorado 37 

ek  (tributary  of  Green  River)  near  mouth.  North  Carolina 7 

ek  (tributary  of  Watauc:a  River)  at  mouth.  North  Carolina 39 

8k  V  tributary  of  Broad  River)  at  bridge  on  Rutherford  ton  road, 

Carolina 78 

Creek  (tributary  of  Nolichucky  River)  at  ford  un  Bumsville- 

pine  road,  North  Carolina 20 

I  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York 12 

)k  (tributary  of  Catawba  River;  near  mouth,  North  Carolina ...  10 

iver  at  old  Croton  Dam,  New  York 338 

iver  at  new  Croton  Dam,  New  York 860 

reek  (tributary  of  Genesee  River)  at  mouth,  New  York 48 

or  at  Franklin.  Idaho 53 

•eek  (tributary  of  Catawba  River)  near  mouth,  North  Carolina  .  11 

>r  at  South  Boston,  Virginia ...  2.7.')0 

T  at  Clarksville,  Virginia 3, 7i)S 

River  (tributary  of  French  Broad  River)  at  county  bridge  near 

North  Carolina 48 

er  at  mouth.  Maine 1 .  000 

er  at  Cumnock,  North  Carolina 1 .  110 

er  at  Monctire,  North  Carolina 1. 400 

er  (tributary  of  Black  River )  at  mouth.  New  York 107 

)  River,  West   Branch,  at  Deposit,  below  Co(iuago  (O(inago) 

New  York 519 

i  River.  West  Branch,  at  mouth.  New  York 685 

)  River  above  the  mouth  of  Beaver  Kill,  New  York 520 

)  River  below  junction  of  East  and  West  branches.  New  York  . .  1, 004 

)  River  below  Port  Jervis,  New  York .  3. 252 

)  River  below  mouth  of  Neversink  River.  New  York 3.  OOO 

)  River  at  Pennsylvania  State  line 2.580 

>  River  at  Delaware  Water  Gap,  Pennsylvania    4, 170 

>  River  at  Lambertville,  New  Jersey 0.  n55 

>  River  at  mouth.  Wilmington,  Delaware 11, 805 

''alley  Creek  (tributary  of  Holston  River?  at  inoiiTh.  Virginia  .    .  12 

s  River  at  Moro,  ( )regon     .... 9. 900 

*s  River  at  Riverside,  Illinois           633 

k  (tributary  of  Watauga  Riven  one-half  mile  above  mouth,  Ten- 

.--   ' 48 
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Doe  River  itribntory  of  WatangA  River)  at  Allentown.  TeonesaM 

Dolores  Kiver,  West  Fork,  Colorado - .- 

"Doiorea  River  at  Dolorea,  Colorado,  gaging  station  

Dolores  River  at  Dolores,  Colorado,  inclading  Lost  Canyon  Creek  (ofl>... 

Dolores  River  at  intake  or  ditch  Byatem,  Colorado 

Dowftgiftc  River  (tributary  of  St.  Joeepli  Riveri  at  month.  Michigan 

Dry  Gnlch  Creek  itribntary  of  Duchesne  Riven  at  month.  Utah 

Dnchesne  River  above  Strawberry  Creek.  L'tah    .,_ 

Dncbeana  River  at  Lake  Fork.  Utah _ 

Dncbesne  River  at  Price  road  bridge.  Utah -.. 

Dnchetna  River  at  month,  Utah       _ 

Dungene«s  River  at  Sequlm.  Wuahlugton,  gaging  station 

Dutch  Creek  i  tributary  of  Watanga  River;  at  VaUe  Cmces,  North  C-aio- 

Dykes  Creek  at  month.  New  York   ._ 

East  branch  nr  fork  of  any  river,  »<»■  the  river, 

"Eaat  Cana/la  Creek  at  Dolgeville.  New  York 

"Eafit  CaoailB  Creek  at  month,  New  York 

Eaton  Brook  itribmary  of  Chenango  Riven  at  mouth,  New  York 

Elk  Creek  i  tributary  of  New  Rivet)  at  Elk  crossroads.  North  Carolina  .. 

Elk  Creek  (trlbntary  of  New  River)  300  yards  above  mouth,  Virginia 

Elk  Creek.  North  Fork,  al  Banners  Elk,  North  Carolina _ 

Elk  Creek,  South  Fork,  at  Banners  Elk,  North  Carolina 

Elk  Creek  4  tribntary  of  Watauga  River )  at  Lineback.  Tennessee  . .  _ 

Elk  Creek  i  tributary  of  Yadkin  River  1  one-fonrth  mile  above  ford.  North 

Carolina - ^,  . 

Elk  Fork  Creek  1  tributary  of  NoHcbnoky  Biverj  near  Big  Tom  Wilson's, 

North  Carolina _ _ _. 

Elkhart  River  at  mouth.  Indiana . 

Elkhom  River  at  Norfolk.  Nebraska 

Elkhorn  River  at  Arlington.  Nebraska     

Elwba  River  at  McDonald,  Washington 

Etowah  River  at  Caut«n,  Georgia    _ 

Etowah  River  at  month,  Rome,  Georgia .... 

Fall  Creek.  New  York  itribntiiry  of  Cayuga  Lake),  not  inclndiiig  Casca- 

dilla  Creek 

Pall  River  5  miles  above  mouth.  Idaho  _ _ _ 

Farm  Creek  .tributary  of  Duchesne  Eiver)  at  canyon.  Utah 

Fifteenmile  Creek  (tributarj'  of  Holaton  Riven  at  mouth.  Virginia 

Fish  Creek.  East  Branch,  alwve  Point  Rock.  Xew  York    

Fish  Creek.  West  Branch,  at  McConnellsville.  Xeiv  York 

Fish  Creek  (tributary  of  Oneida  Riven  at  juuctiou  with  Hudson  Ri\-er, 

NewVork _   

Fish  Creek  (tributary  of  Oneiiln  River)  at  mouth.  New  York  . .  _ 

Fisher  River  (tributary  of   Yadkin  River)  at   railroad   trestle.  North 

Catolina 

Flannery  Fork  itribntary  of  New  River j  at  ford  on  Boone  River- Blow- 

ing  Rock  road.  North  Carolina _ 

Flat  Creek  (tributary  of  Swannanoa  River)  i  miles  below  Black  Moun- 
tain Station.  North  Carolina _ 

Flat  Creek  [tributary  of  French  Broad  Riven  at  moutli.  North  Carolina. 
Flat  Hiver  1  tributary  of  Grand  River j  at  mouth,  Michigan 
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Bqmire  miles. 

iver  at  Molena,  (Georgia 893 

iTer  at  Woodbury.  Gheorgia 988 

iTer  at  Albany,  GhBorgia 5,000 

Riyer  at  Stewart's  ranch.  0  miles  from  Dnrango,  Colorado 186 

>eek  (tributary  of  Watauga  River)  at  mouth,  North  Carolina 3 

/"reek  (tributary  of  Watauga  River)  near  mouth.  Tennessee 18 

3jon  Creek.  California,  including  Cuddy  Creek  and  Castac  Lake 

Tbasin,56) 98 

)ek  (tributary  of  New  River)  one-fourth  mile  above  mouth,  Vlr- 

.- 60 

Broad  River.  North  Fork,  above  month   of  West  Fork.  North 

ina 36 

Broad  River  at  crossing  of  Brevard- Webster  road ,  North  Carolina .  26 
Broad  River  at  ford  on  road  between  Tucker  and  Shoal  creeks, 

I  Carolina. 19 

Broad  River,  East  Fork,  near  mouth.  North  Carolina 26 

Broad  River.  Middle  Fork,  at  bridge  above  ford.  North  Carolina. .  5 

Broad  River,  West  Fork,  at  bridge  near  mouth.  North  Carolina  . .  80 

Broad  River  at  Eaatatoe  Bridge.  North  Carolina   67 

Broad  River  at  bridge  near  Carson  Creek.  North  Carolina . .  133 

Broad  River  at  Penrose,  North  Carolina .  .i 294 

Broad  River  at  Fanning  Bridge,  North  Carolina 644 

Broad  River  at  AshevlUe,  North  Carolina 987 

Broad  River  at  Oldtown.  Tennessee 1, 737 

Broad  River  at  mouth,  Tennessee 5,138 

[nan  River  at  Wauneta,  Nebraska 989 

[nan  River  at  Palisade,  Nebraska 1,032 

Chain  above  Old  Forge.New  York 41 

1  River  at  Logan,  Montana 1,620 

eek  (tributary  of  New  River)  at  mouth.  North  Carolina 11 

eek  (tributary  of  Watauga  River)  at  mouth.  Tennessee 10 

Oeek  3  miles  above  Mohawk  River,  New  York 81 

3  River  below  Cryder  Creek.  New  York   143 

3  River  below  Chenunda  Creek.  New  York 211 

i  River  below  Dykes  Creek,  New  York 282 

)  River  below  Vandemarck  Creek.  New  York 323 

3  River  below  Knights  Creek.  New  York 346 

3  River  below  Phillips  Creek,  New  York 405 

3  River  below  Van  Campeus  Creek,  New  York 466 

3  River  below  Angelica  Creek,  New  York 563 

3  River  below  White  Creek.  New  York 585 

3  River  below  Upper  Black  Creek,  New  York 627 

3  River  below  Crawford  Creek.  New  York 649 

3  River  below  Caneadea  Creek,  New  York 714 

3  River  below  Cold  Creek.  New  York . . 786 

J  River  below  Rush  Creek,  New  York 822 

3  River  below  Wiscoy  Creek.  New  York 942 

3  River  below  Wolf  Creek,  New  York 994 

3  River  below  Silver  Lake  Creek,  New  York 1. 060 

3  River  at  Mount  Morris,  New  York 1. 070 

3  River  below  Coshaqua  Creek,  New  York 1, 142 

3  River  below  Canaseraga  Creek,  New  York 1,407 

3  River  below  Beards  Oeek,  New  York 1, 464 

3  River  below  Conesus  Lake,  New  York 1,644 
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Bqnueail 

tJeneaee  River  below  Honeoye  Creek,  New  York , 1,1 

aenesee  River  below  Aliens  Creek,  New  York  !,] 

Qeoesee  River  at  Rocheater,  New  York  .     _ , a.J 

OeneHee  River  at  moath.  New  Y'ork S.J 

3enesee  River  below  Black  Creek,  New  York 3,3 

jWa  River  at  San  Carlos,  Arizona 18,  f 

3ila  River  at  Btittee,  Arixona    _ IT.  S 

3ila  River  in  Arizona,  incluiling amall  lost  baain*.__ 56,83S 

3ila  River  in  New  Mt-sico,  including  small  lost  baalna 14.300 

3oo9e  Creek  at  Lake  Cbeeaman.  Colorado,  gaffing  station. 

Uriuid  River  at  Qlenwooil  Springs.  Colorado 5,1^ 

SrandRiverat  Grand  Jnnction,  Colorado,  above  Gunnison  River. .  .  ..  8.( 
3rand  River  at  Grand  Janction,  Colorado,  below  Onunison  River,  indndr 

ingUncompaligre  (-It)?)  and  GnnniBou  at  moatb  (T,B39} 16,i 

a-rand  River  in  Colorado SS.SM 

3-rand  River  in  Utah 8,878 

M, 

!>rsnd  River  above  Lansing.  Michigan 

3)rand  River  at  North  Lansing  dam.  Michigan 1, 

3rand  River  belnw  inpnth  of  Red  Cedar  River.  Michigan 1, 

jrand  River  at  Norih  Lansing',  Michigan... I, 

^rand  River  above  Portland.  Michigan - I, 

jlrand  River  Iwlow  moath  of  LookiQggla<«  River,  Michigan 1, 

jrand  River  above  Lyons,  Michigan.  ..  1, 

3rand  River  below  month  of  Maple  River,  Michigan „  2, 

jJrand  River  at  Ionia,  Michigan 3, 

3rand  River  above  Lovell,  Michigan 8. 

Srand  River  below  month  of  Flat  River,  Michigan 8, 

Srand  River  above  Grand  Raiiids,  Michigan.     . 4. 

Grand  River  at  C,  and  W.  M.  R.  R.  bridge.  Grand  Rapids,  Michigan 4, 

Grand  River  at  Brick  House,  Michigan,  gaging  station 4. 

Grand  River  at  Lament,  Michigan 5, 

Grand  River  above  mouth.  Michigan 6, 

Grand  Encampment  Creek  at  Peryam's  ranch,  near  Encampment,  Wyo- 
ming  

Grassy  Creek  (tributary  bf  Nolichucky  River)  near  Spmcepine,  North 

Great  Basin  in  California 47,240 

Great  Basin  in  Idaho  . 3,420 

Great  Basin  in  Nevada 102.230 

Great  Basin  in  Oregon 1S.9,")0 

Great  Basin  in  Utah    43,  .>4ji 

Great  Basin  in  Wyoming 1,484 

aifl. 

Great  Lakee: 

Snperior SiO,  4iiO 

Michigan ft-*.  100 

Huron 75.ilO0 

St.  Clair 6.S15 

Erie 84,480 

Ontario 32.080 

298.1 

Great  Salt  Lake.  Utah 2.: 

Gieen  River  (tnbntary  of  Broad  Eiver)  at  Cox's  bridge,  North  Carolina. 
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Square  mfleB. 

tJTer  (tributary  of  Broad  RiTer)  near  Saluda,  North  Carolina 51 

liTer  at  GhreenriTer,  Wyoming 7,460 

liver  at  Blake.  Utah 88,200 

liver  in  Colorado 10,382 

tiverinUtah 15,916 

liver  in  Wyoming 20,977 

47,225 

liver.  Black  Fork,  at  Granger,  Wyoming 2,400 

rier  River  at  Alderson,  West  Virginia 1,344 

rier  River  at  month.  West  Virginia 1,575 

ill  River  at  Meteetse,  Wyoming 870 

Ireek  (tributary  of  Holston  River)  at  mouth,  Virginia 3 

m  River  at  lola,  Colorado 2,298 

m  River  at  Grand  Junction,  Colorado 7,935 

7der  River  at  Baltimore  conduit,  Maryland 294 

reek  (tributary  of  Holston  River)  at  mouth,  Virginia 14 

ver  at  Moncure,  North  Carolina 1, 800 

k  Lake  (tributary  of  Gtenesee  River)  at  outlet,  New  York 43 

Tork  1  mile  above  mouth  of  Fall  River,  Idaho 931 

Creek  (tributary  of  Nolichucky  River)  at  month,  North  Carolina.  7 

rnut  Creek  (tributary  of  Broad  River)  at  mouth,  North  Carolina.  8 

I  Lake.  Michigan  (water  surface  1 5  sciuare  miles) 67 

3  Creek  at  Alexander  City,  Alabama 214 

^  River  at  Murphy,  North  Carolina 410 

3e  River  at  Reliance,  Tennessee 1,180 

3eRiver  at  Charleston,  Tennessee 2,297 

3e River  at  mouth,  Tennessee 2,698 

)f  Creek  (tributary  of  Holston  River )  at  mouth.  Virginia 6 

igh  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 6 

Poplar  Creek  (tributary  of  Nolichucky  River)  at  ford  on  Erwin- 

rsv^leroad,  North  Carolina 9 

River,  South  Fork,  below  mouth  of  Middle  Fork,  Virginia 582 

River,  South  Fork,  at  Bluff  City,  Tennessee 828 

River,  South  Fork,  below  mouth  of  Laurel  Fork,  Virginia 836 

River,  South  Fork,  above  mouth  of  Laurel  Fork.  Virginia 160 

River,  South  Fork,  at  Rye  Valley.  Virginia. . 37 

River,  Middle  Fork,  5  miles  above  mouth  at  Shallow  Ford,  Vir- 

227 

River.  Middle  Fork,  above  mouth  of  Bear  Creek,  Virginia,  near 

•n,  Virginia 33 

River  at  mouth,  Tennessee 3, 790 

'  Creek  (tributary  of  French  Broad  River)  at  Asheville,  North 

ina 104 

e  Creek  (tributary  of  Genesee  River)  at  mouth,  New  York 263 

iver  at  Tucker,  Oregon  350 

iver  at  mouth,  Oregon 4ls 

River  (tributary  of  Hudson  River )  at  mouth.  New  York. 730 

IJreek  (tributary  of  New  River)  one-fourth  mile  alx)ve  mouth, 

I  Carolina 50 

'reek  (tributary  of  Nolichucky  River)  at  mouth.  North  Carolina. .  6 

on  Lake,  Michigan  ( water  surface  31  square  miles) 185 

d  Lake,  Michigan  ( water  surface  134  square  miles )-. 148 

River  at  Glens  Falls,  New  York 2,800 

River  at  Mechanicsville,  New  York 4,500 


'634 
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HndaoD  River  at  Troy,  New  York 

Hadson  River  at  Hadley.  New  York ,. 

Hnmboldt  River  at  Elko,  Nevada - 

Hiimboldt  River  at  Battle  Monntain,  Nevada „ 

Hnmboldt  Rivet  atGolconda,  NevHjift 10,  SO 

Humboldt  River  at  Orenna.  Nevada 13,800 

Humboldt  River  at  OreaiM.  Nevada,  including  GrMSy  Valley H.9tl 

Humboldt  River,  North  Fork,  at  Peko.  Nevada l.MO 

Humboldt  River,  South  Fork,  Bt  Mason's  ranc-b,  Nevada      - I.IM 

Hnugry  Mother  Creek  (tribotary  oC  Holston  River)  at  ford  near  Uarion. 

Virginia _ U 

Huron  River  at  month,  Michigan _ M 

HnttoDH  Branch  i  tributary  of  Holston  Biver)  at  tnonOi,  Virginia U 

Independence  Creek  (tributary  of  Black  River)  at  monttt,  New  York W 

Indian  Lake  at  gaging  station.  New  York I4f 

Jack  Creek  (tribatary  of  Nolichucky  River)  at  mouth.  North  CBroUiia...  Si 

Jauxee  River  at  Buchanan,  Virginia - 8,068 

James  Biver  at  Balcony  Falis,  Virginia.. .  3,{E 

James  River  at  Cartersville,  Virginia  .. fl.ffli 

Jarrett  Creek  (tributary  ot  Catawba  Biver )  near  month,  North  CaroUoa.  1 

Jefferson  Biver  at  Sappington, -Montana 8,M4 

Jefferson  Biver  at  Threeforks,  Montana.   _  ... %,0 

Jim  Scott  Branch  (tributary  of  Holston  Biver)  at  month,  Virginia 

Johns  River  (tributary  of  Catawba  River)  on  highway  bridge  near  liloi- 

ganton,  North  Carolina 

Johns  Biver  <  trlbntary  of  Catawba  Rlvar )  at  Ccdlettevllle,  North  Carolina. 

Jones  Falls  at  Baltimore  conduit,  Maryland 

J»miatft  River  at  Newport,  Pennsylvania 8,476 

Jnniata  River  at  motith.  Pennsylvania 8,818 

KalBinazoo  River,  North  Branch,  at  Albion.  Michigan 

Kalamazoo  River,  South  BrRncU.  at  Albioii,  Michigan 

Kalamazoo  Klver  at  Marengo  dam,  Michigan S'l 

Kalamazoo  River  below  junction  of  North  and  South  branches 3T1 

Kalamazoo  River  at  Marshall.  Michigan 443 

Kalamazoo  Eiver  above  Battlecroek,  Michigan 608 

Kalamazoo  River  below  Battlecreek,  Michigan 847 

Kalamazoo  Biver  at  Plainville.  Michigan 1.307 

Kalamazoo  River  at  Allegan.  Michigan 1,50S 

Kalamazoo  River  at  mouth,  Michigan _ 2.064 

Kalawa  River,    See  Calowa  River. 

Kansas  River  at  Lecompton.  Kansas , 58,550 

Kansas  River  at  Lawrence,  Kansas 59,841 

Kansas  Biver  in  Kansas 34,526 

Kansas  River  in  Nebraska 17,435 

Kansas  Biver  in  Colorado 0,459 

61.44U 

Kaweah  River  above  sec.  3,  T.  IS  S.,  R.  37  E.,  California. 619 

Kennebec  River  at  outlet  of  Moosehead  Lake,  Maine 1,250 

Kennebec  River  below  mouth  of  Dead  River,  Maine 3,570 

Kennebec  River  at  Carritunk  Falls,  M»ine_ 2,900 

Kennebec  River  at  Madison,  Maine 3,330 

Kennel)ec  River  at  Norridgewock,  Maine _ 4.030 

Kennebec  River  at  Somerset  Mills,  Maine 4,380 

Senoebec  Biver  at  Waterville,  Maine ,  above  moixtlii  of  Sebutioook  Biver.  4, 410 
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Kennebec  River  at  Watenrllle,  Maine,  below  mouth  of  Sebasticook  River.  5, 470 

Kennebec  River  at  Angn^ta,  Maine.  5,770 

Kennebec  River  at  month,  Maine 6, 830 

Kentucky  Fork  of  North  Toe  River  at  month.  North  Carolina 4 

Kern  River  at  First  Point  of  Measurement,  above  Bakersfield.  California, 
including  North  Fork  (1,115),  South  Fork  (1,0.>0),  and  Lower  Basin 

(ISO)... 2,845 

KeukaLake  Outlet  at  foot  of  Keuka  Lake.  New  York 187 

Kenka  Lake  at  outlet.  New  York 313 

King  Creek  (tributary  of  French  Broad  River)  on  Brevard  road,  North 

Carolina 8 

King  River  at  Red  Mountain.  California 1,775 

Knights  Creek  (tributary  of  Genesee  River)  at  mouth.  New  Y'ork 22 

Lake  Creek  at  Twin  Lakes,  Colorado 109 

Like  Creek  at  Interlaken  station  (between  Twin  Lakes) ,  Colorado 104 

Like  Erie 84,480 

Like  Fork  (tributary  of  Duchesne  River )  at  mouth.  Utah 475 

Like  Gtoorge  at  outlet.  New  Y^ork,  including  area  of  water  surface  (50) . .  23S 

Like  Huron 80.400 

Like  Michigan 68.100 

LikeOntario 82,d80 

LakeSt  Clair 6,815 

Lake  Superior •. 75,300 

Laramie  River  above  Woods  Landing,  Wyoming  (in  Colorado.  343) 435 

Laramie  River  at  Uva,  Wyoming,  including  428  square  miles  in  (Ik>lo- 

rado 3,179 

Laramie  River  at  mouth.  Fort  Laramie,  Wyoming,  not  including  500 

square  miles  of  lost  drainage  of  James  Lake,  Cooper  Lake,  etc 4, 076 

Laurel  Creek  (tributary  of  French  Broad  River )  above  mouth.  North  Caro- 
lina   136 

Laurel  Creek,  Upper  (tributary  to  Watauga  River) ,  at  mouth.  North  Car- 
olina   7 

Laurel  Creek,  Lower  (tributary  of  Watauga  River),  at  mouth.  North 

Carolina 7 

Laurel  Fork  of  Doe  River  at  AUentown,  Tennessee 26 

Laurel  Fork  of  Holston  River  1  mile  below  Damascus.  Virginia 172 

Lees  Creek  (tributary  of  French  Broad  River)  at  Olivette,  North  Caro- 
lina   5 

Linville  River  at  Linville  Falls,  North  Carolina 46 

Linville  River  at  mouth,  North  Carolina 87 

Little  River  (tributary  of  French  Broad  River)  at  bridge  three-f our ths  mile 

above  mouth.  North  Carolina 59 

Little  River  (tributary  of  New  River)  at  ford  on  Independence-Old  town 

road,  Virginia  . 184 

Little  Androscoggin  River  at  mouth ,  Maine 380 

Little  Bald  Mountain  Creek  at  mouth ,  North  Carolina 3 

Little  Crabtree  Creek  (tributary  of  Nolichucky  River)  above  lower  ford  on 

Micaville-Sprucepine  road.  North  Carolina 19 

Little  Delaware  Creek  (tributary  of  Delaware  River)  near  mouth,  New 

York 63 

Little  Doe  River  (tributary  of  Watauga  River)  at  Allentown,  Tennessee.  81 

Little  Gkx)ee  Creek  at  Sheridan,  Wyoming 128 

Idttle  Patuzent  River  at  mouth,  Maryland 189 
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Little  Pine  Creek  (tributnrj-  of  Frenfb 
Carolina !._ _ _ 

Littleroek  Creek  at  head  of  Soutli  Anteloiw  Vftlley  Irri^Ktion  Compantr'B 
canal,  near  Pttlmdnle,  California   _ _ 

Liiile  Tennesae«  River  Htjndson,  North  Carolina 

Little  Tmckee  River  at  Boca. California    

Little  Wood  River  at  TofKinis.  Idaho 

Loi'Uit  Croek  ( tributary  of  Nolichucky  River)  at  manih,  North  Carolina. 

Logan  River  at  L'jgan,  Utah _  

LookingglaS3  River  (tributary  of  Grand  River |  at  month,  Michignn 

Los  An^teleB  Rivei-  above  Devila  (iate  reservoir  site,  California _ .  . , 

LoH  Angeles  River  above  N'arrowa  at  Burbank,  California,  including 
Tujnnga  Canyon  (U6),  Arroyo  Seco  Canyon  (IS.U.  UUlard  Canyon 

I    (2,1|.  Baton  Canyon  iG.'i).  Little  Santa  Anita  Canyon  (3.5),  and  Santa 

m  Auita  Canyon  (11.11 - .  ,_. 

tfi»  Pinos  River  at  north  line  of  Sonthern  Ute  Indian  Reservation. 

;   Colorado. - -.  

Loa  Pinos  River  at  Ignacio  Ag«ncy.  Colorado. ..  _. 

Los  Pinos  River  at  mouth.  Colorado _ 

Loop  River  at  Colnmbas,  Nebraska li,aG     ' 

Lovell  Creek  (tributary  of  Black  Riven  at  mouth. New  York. _ 34 

Lower   Creek    (tributary  of  Catawba  Riven    near  ^tlorganton.  North 
Carolina (T 

Lower  Black  Creek  {tributarj'  of  Genesee  River  I  at  month,  New  York.  _ .        Jl! 

Lower  Laorei  Creek  (tributary  of  Watanga  Biver)  at  month,  North 
Carolina _ '. 

Madison  Brook  (tributary  of  Chenango  River  i  at  uioutta,New  York 9 

MadisoQ  River  at  Redblnff.  Montana  ..         ..  .. 9,0K 

Madison  River  at  Threeforks.  Hontnua _ 3.1fl3 

.Magi^Hownv  River  al  iiioulli.MaiiJ.'  4!>CI^ 

Malade  River  at  Topouia,  Idaho     _ 2.  iW 

Malade  River  at  Bliss,  Idaho _.      3.550 

Malheur  River  at  Vnle.  Oregon _ _ 9.900 

Mancos  River  at  Mancos,  Colorado  .  _  117 

Mancos  River  at  mouth. Colorado. _ Wi 

Manti  Creek  at  Manti.  Utah 31 

Ma])le  Creek  (tributary  of  Broad  Riven   on  bridge  near  mouth.  North 

Carolina. 13 

Maple  River  above  Maple  Rapids.  Michigan 4o9 

Maple  River  at  uiouth,  Michigan 91!) 

Martin  Creek  (tributary  of  Nolichucky  Riven  near  Erwin.  Ti-nnessee  ...  6 

Martins  Creek  (tributary  of  Biaek  River)  at  moiitli.  New  \ork 59 

Matlawamkeag  River  below  outlet  of  Baskahegnn  Lake.  Maine 10* 

Mattawamkeag  River  at  mouth.  Maine l.sail 

Meat  Cauip  Creek  (tributary  of  New  Riven  oni~  fourth  mile  below  Moretz. 

North  Carolina. ....     .    19 

Medicine  River  at  Kiowa,  Kanaas I.:!00 

Meiced  River  at  Merced  Fails.  California l.iCS 

Mernmae  River  at  Lawrenee,  Massachusetis 1,533 

Messalonskee  River  at  mouth.  Maine ...    .....  iOi 

Middle  Branch  of  any  river,  «"■  the  river. 

Middle  Cre^k  near  Cowjiuan.  Montana,  ....    5J 

Middle  Creek  I  tributary  of  Nidichucky  Riven  »t  f-.rdioi  Micaville-Marion 
roitd,  Xorrb  Caro.mn .,  i 
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Square  miles. 

rk  of  any  river,  see  the  river. 

apBiverat St. Pan], Nebraska  6,849 

nda  Creek  1  mile  above  moath,  North  Carolina 54 

r  at  Havre,  Montana,  inclnding  Bad  Water  Lake 7,300 

at  Crafton,  California 47 

(tributary  of  Holston  Biver)  1  mile  above  month,  Virginia 7 

:  (tribntary  of  Catawba  Biver)  near  month,  North  Carolina ...  16 
r  (tiibntazy  of  French  Broad  Biver)  on  Old  Haywood  road,  North 

k 73 

i  Biver  at  St.  Panl,  Minnesota,  including  Minnesota  Biver 

36,085 

iiver  at  Missonla,  Montana 5, 960 

liver  at  Townsend,  Montana 14, 500 

tiver  at  Canyon  Ferry,  Montana 15, 036 

tiver  at  Craig,  Montana 17,615 

iiver  in  Montana 81, 018 

liver  in  Wyoming 760 

81,778 

liver  (tribntary  of  Yadldn  Biver)  at  railroad  trestle.  North  Car- 

113 

iver  at  Victorville,  California 400 

liver  at  Bidge  Mills,  New  York 153 

liver  at  Bome,  New  York 184 

liver  at  Utica,  New  York 624 

liver  at  Little  Falls,  New  York 1,806 

liver  below  month  of  Schoharie  Creek,  New  York 8, 100 

liver  at  Freeman's  bridge,  Schenectady,  New  York 8, 212 

liver  at  State  dam,  Bexford  Flats,  New  York 3,385 

liver  at  month.  New  York 3,468 

Biver  at  Frederick,  Maryland 665 

Biver  at  mouth,  Maryland 941 

lela  Biver  at  Weston, West  Virginia 140 

tela  Biver  at  Fairmont, West  Virginia 2, 324 

lela  Biver  at  Morgan  town,  West  Virginia 2,749 

Lela  Biver  at  Greensboro,  Pennsylvania 4, 574 

lela  Biver  at  Lock  No.  4,  Pennsylvania 5, 427 

11  Creek  (tributary  of  Watauga  Biver)  at  mouth.  North  Caro- 

3 

^er  at  outlet  into  Moosehead  Lake,  Maine 1 ,  250 

'er  (tributary  of  Black  Biver)  at  cable  station.  New  York 346 

'er  (tributary  of  Black  Biver)  at  mouth.  New  York 406 

ik  (tributary  of  French  Broad  Biver)  at  road  crossing  near 

North  Carolina 116 

k  (tributary  of  Clyde  Biver)  at  Lyons,  New  York 298 

eek  (tributary  of  Catawba  Biver)  near  mouth.  North  Carolina.  67 
Creek  (tributary  of  Johns  Biver)  at  Collettsville,  North  Caro- 

- 32 

Creek  (tributary  of  New  Biver)  at  mouth.  North  Carolina 35 

Biver  (tributary  of  Yadkin  Biver)  at  railroad  trestle,  North 

I 44 

.  Biver  above  Clam  Biver,  Michigan 787 

Biver  below  Clam  Biver,  Michigan 1,094 

I  Biver  above  BigBapids,  Michigan 1,764 
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MuBkecon  Eiver  above  Newaygo.  Michigan 

Hvuskegon  River  above  mouth.  Micbigan 

Muskiiigum  River  at  ZaneBTille,  Ohio 

Mnskrat  Lake  ami  groaii.  Michigan  |  water  anrf ace  8  sqnare  miles) 

Nnntahala  River  at  moutli.  North  Carolina 

NacheB  River  at  North  Yakima,  Waahiugton _ _ 

Ne»tahwanta  Lake  at  ontlet. New  York 

Neosho  River  at  lola.  Kausas - 4. 

Nailiaminy  Creek  below  the  forks,  Penneylvania  

NeuBE  River  at  Selma,  North  Carolina  _ 

Neversink  River  (tributary  of  Delaware  River)  near  luciiih.  New  York  . 
Newfound  Creek  Itribntary  of  French   Broail  Riven  three-fourthB  mile 

above  inoutb,  Noi-th  Carolina 

Newfound  Creek  (tributary  of  French  Broad  River)  at  mouth.  Norlli 

Carolina  .    

Now  River,  North  Fork,  at  Weaveraford,  North  Carolina 

New  River,  North  Fork.  1  mile  below  Creston,  North  CarolioB 

New  Kiver.  Houth  Fork,  at  Nbw  River.  North  Carolina 

New  River,  South  Fork,  at  RiviTside,  North  Carolina ... 

New  Biver.  Eaat  Fork,  ai  ford  ou  Boone-Aho  road,  Noitb  Caroliiut     

New  River.  MidiUe  Fork,  at  ford  on  Boone-Aho  road.  North  Cftroliua  .   . 

New  River  «t  Oldtowo,  Virginia 

New  River  at  Radford,  Virginia      _ _,, 

New  River  abeve  Greenbrier  River.  West  Virginia _. 

New  River  at  Hinton,  West  Virginia    ..   _       .    

New  River  at  Fayette,  Weft  Virginia - 

Nineiuilo  Creek  I  mile  bel'wStittville,  New  York,  gaging  atatioa.- 

Nine4nlle  Creek  at  month,  New  York 

Niobrara  River  at  Fort  Nlohrara,  Nebraska  

Nolicliucky  River  above  Tennessee  State  line _ 

Nolichurky  River  at  CbucWy  Valley.  Tennessee     

North  (of  .lames)  River  at  East  Glasgow,  Virginin   

North  Boulder  Creek  near  Boulder.  Colorado    

North  Branch  of  any  river,  "■■••  the  river. 

North  Broad  Kiver  at  Carlton.  Georpa _   

North  Fork  of  any  river,  .-(■'■  the  river. 

North   Iniiian   Creek   (tributary  of   Nolichticky  Riven   at   Erwin.   Ten- 
North  l-oup  River  at  St,  Paul.  Nebraska  ....      

North  Platte  River  above  Sweetwater  River,  inrluding  1,606  in  Colorado 

North  Platte  River  above  DonglaH.  Wyoming        .  _ _  _ 

North  Phitte  River  above  On n  .lunction.  Wyoming     

North  Platte  River  at  Guernsey,  Wyoming 

North  Platte  River  aliove  Fort  Laramiu,  Wyoming _   ., 

North  Platte  River  below  Laramie  River.  Wyiiming  .    

North  Platte  River  in  Wyoming  and  Colorado    .   - 

North  Platte  River  at  GerinK.  Nebraska  .  _  _  

North  Platte  River  at  (.'amp  Clarke,  Nebra-^ka _ _ 

North  Platte  River  at  North  Platte.  Nebraska.  , 

North  Saluda  Creek  'J  miles  liolow  Humphrey "s  store.  North  Carolina 

North  SaladaCreekat  forJonLima  Cleveland  Mills  road.  North  Carolina. 

North  Saluda  Creek  at  iron  briilf^^  at  M:.riettii,  North  Carolina 

North  Toe  River  (tributary  of  Nolichucky  River)  at  Sprncepine.  North 
Carolioa _ 
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Square  miles. 
Toe  River  (tribataxy  of  Nolichucky  River)  at  ford  on  Linnville- 

iberry  road.  North  Carolina 9 

Toe  River.  Kentucky  Fork  of,  at  mouth,  North  Carolina 4 

y  River  at  Ranger,  North  Carolina 273 

reek  (tributary  of  Susquehanna  River)  at  mouth.  New  York 115 

t  Creek  (tributary  of  Susquehanna  River)  at  mouth,  New  York. . .  115 

Oeek  at  Warsaw,  New  York. 28 

gee  River  at  Macon,  Georgia 2,425 

)  River  at  Carey.  Georgia 1,346 

)  River  at  Dublin,  Georgia . 4,182 

•ro  Creek  at  mouth,  Rowlandsville,  Maryland 217 

River  at  Powder  Mills,  near  Ogden,  Utah  .     ..     I 3fi0 

d  Creek  (tributary  of  New  River )  near  mouth.  North  Carolina 13 

ngy  River  at  Galion,  Ohio 29 

ngy  River  at  mouth,  Columbus,  Ohio 532 

I  Creek  (tributary  of  Oneida  River)  at  Kenwood,  New  York 59 

I  Creek  (tributary  of  Oneida  River)  at  mouth.  New  York .       149 

I  Lake  at  outlet.  New  York l.;j()0 

I  River  at  mouth.  New  York .,.  1,402 

laula  River  at  Resaca,  G^eorgia . .  1 ,  614 

laula  River  at  mouth,  Rome,  Georgia 2, 152 

ny  Creek  at  State  dam.  Orlskany,  New  York 144 

ny  Creek  at  Coleman,  New  York 141 

ny  Creek  at  month,  New  York 146 

o  River  below  Three  River  Point.  New  York 167 

o  River  below  junction  of  Seneca  and  Oneida  rivers.  New  York ...  4. 868 

o  River  at  Fulton,  New  York 4,916 

o  River  at  gaging  station.  New  York  - _  4,0iK) 

o  River  at  high  dam  near  Oswego,  New  York 5, 000 

o  River  at  mouth.  New  York 5, 002 

Creek  (tributary  of  Susquehanna  River)  at  mouth.  New  York 106 

Lake  at  outlet.  New  York .       41 

!  River  (tributary  of  Susquehanna  River)  at  mouth,  New  York  . . .  259 

,>eek  (tributary  of  Black  River)  at  mouth.  New  York  ...   60 

aga  Lake  at  outlet.  New  York 267 

o  Creek,  New  York.    See  Cotiuago  Creek. 

o  Outlet  at  Owasco  Inlet,  New  York 120 

o  Outlet  at  foot  of  Owasco  Lake,  New  \  ork 208 

o  Outlet  at  Auburn,  New  York.- 212 

o  Outlet  at  mouth.  New  York         230 

►  Creek  (tributary  of  Susquehanna  River)  at  mouth.  New  York 391 

»  River  at  Owyhee,  near  Ontario,  Oregon . 9.875 

s  Creek  (tributary  of  Catawba  River)  near  mouth.  North  Carolina.  13 

;e  River  at  Hooper.  Washington 2, 210 

re  Kiver  below  mouth  of  Cow  Creek,  Washington 2, 460 

lumkeag  River  at  mouth.  Maine . .   .  400 

ico  River.  South  Branch.  Maryland 84 

ICO  River,  North  Branch,  Maryland. 166 

>co  River  at  Woodstock,  Maryland 251 

ICO  River  above  Patapsco  Station,  Maryland 361 

3nt  River  aU»ve  mouth  of  Little  Patuxent  River,  Maryland 194 

snt  River  at  Laurel,  Maryland 137 

mt  River  below  junction  of  West  Branch 515 
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Pawpaw  Creelt  (tribntarr  of  French  Broad  River)  1  mile  above  month. 

North  Carolina __ 

Pawpaw  River  itribatary  of  St.  JoMph  Riven  at  month,  Michigan 

Payett*-  River  at  Payette,  Idaho    -  -    . . .  - . 

Peach  Bottom  Creek  itribntary  of  New  River)  above  month.  Virginia... 
Penobscot  River  opposite  eitremity  of  Woosehead  Iiake.  below  month  of 

NulhedTis  Creuk,  Maine _ 

Penobscot  River  at  entrance  to  Cheaunt'Ook  Lake,  Maine  ,. 

Penobscot  River  at  outlet  of  Chesnncook  Lake.  Maine 

Penobscot  River  at  outlet  of  Twin  Lakes.  Muine 

Penobscot  River  below  month  of  East  Branch.  Maine 

Penobscot  River-below  month  of  PiscataqniH  Biver,  Maine. _ 

Penobscot  River  at  Oldtown.  Maine , 

Penobscot  River  «t  Bangor.  Maine 

Penobscot  River  at  mouth,  Maine. .  _ _ 

PeuobBCOt  River,  East  Branch,  at  month,  Maine 

PepsctoD  River  i  tribatary  of  Delaware  River)  at  moath,  New  Tork 

Parkiomen  Croek  ut  Frederick,  Pennsylvania 

PhUlipa  Creek  (tributary  of  Geneaee  River)  at  month.  New  York 

Kedra  River  at  Arbolea,  Colorado 

Pigeon  Creek  (tribntar;  of  Nolichncky  River)  at  month,  North  Carolina. 
Pigeon  RooHt  Creek  (tribntary  of  Nolichncky  River)  at  month.  North 

Carolina — 

Pigeon  River  at  Newport,  Tennessee __ 

Piscatatiuis  River  at  Dover,  Maine  

Piscataquis  River  Ijelow  outlet  of  Sebec  Lake.  Maine 

Piscfltafinis  River  at  moutb, Maine.. 

Platte  Rivtr  at  North  Platte,  Nebraska; 

North  Piatte  River 28,517 

Sonth  Platte  River 23,394 

Platte  River  at  Colnmbos.  Nebraska 5 

fiatte  River,  North  and  South,  in  Colorado 22,2^(1 

Platte  River,  North  aud  South,  in  Nebraska lO.S-JO 

Platte  River,  North  and  Sonth,  in  Wyoming _.     24,240 

Platte  River,  South  Fork,  at  Lake  Cheeamau,  Colorado 

Plum  Tree  Creek  (tributary  of  Nolichocky  River)   at  mouth.  North 

Ciirolina - - 

Pomer  Creek  (tributary  oE  Holston  River)  at  mouth,  VirHinia 

Portage  River  (tributary  of  St.  Joseph  River)  at  moulh,  Michigau 

Portnent  River  iit  McCammon.  Idaho 

Portneiif  River  at  Pocatello,  Idaho _ 

Potomac  River,  North  Branch,  uirave  Blooraington.  Maryland 

Potomac  River,  North  Bran<-h,  at  Piedmont,  West   \'irginia.  including 

Savage  Creek  ( 1 1 1 )  .  _  _ _ 

Potomac  River,  North  Branch,  at  Cumberland,  Maryland,  including  New 

Creek  at  mouth,  Keyser,  West  Virginia  (,m;)  _ _ 

Potomac  River,  North  Brant'li,  at  junction  with  South  Branch,  including 

Patterson  Creek  at  Burlington,  below  Mill  Creek  (155),  and  at  mouth 

(3T9) 

Potomac  River,  South  Branch,  at  junction  with  North  Fork,  including 

188  square  miles  at  Franklin 


DRAINAGE    ABEAS.  541 

Square  miles, 
lao  River,  Soath  Branch,  indudinpr  North  Fork  below  Seneca  Creek 

)  and  at  moath  (323) .  .       .  640 

lac  River,  Sonth  Branch,  at  Moorefieid,  West  Virginia,  including 

Creek  at  month  (101) 897 

lac  River,  Sonth  Branch,  below  Moorefieid,  inclnding  South  Fork  at 

:  Seybert,  West  Virginia  (1 55) ,  and  at  month,  at  Moorefieid  (301 ) . .  1, 108 

lac  River,  Sonth  Branch,  at  Romney,  West  Virginia 1, 407 

lac  River,  Sonth  Branch,  at  U.  S.  G.  S.  gaging  station  at  railway 

ge  between  Romney  and  Springfield,  West  Virginia  . .     1, 443 

lac  River,  Sonth  Branch,  at  mouth.  West  Virginia 1 ,  487 

lac  River  at  new  gaging  station.  West  Virginia 1, 440 

lac  River  at  junction  of  North  and  South  branches.  West  Virginia.  3. 853 
lac  River  above  Great  Cacapon  River,  including  Little  Cacapon 

jr,  West  Virginia  (117) ..        .  3,388 

lac  River  below  Great  Cacapon  River,  including  Great  Cacapon 

e  North  River  (404)  and  at  mouth,  West  Virginia  (671 ) 4, 059 

ac  River  at  Hancock,  West  Virginia 4, 099 

ac  River  at  Williamsport,  Maryland,  including  Warmspring  Creek 
lonth  (16),  Conoloway  Creek  (125),  Sleepy  Creek  (146),  Licking 

ik  (195),  Back  Creek  (288),  and  Conocockeague  Creek  (579) 5, 556 

AC  River  at  Harpers  Ferry,  West   Virginia,  including  Opequan 

k  (335)  and  Antietam  Creek  (305) 6,354 

ac  River  below  Harpers  Ferry,  West  Virginia,  including  Shenan- 

i  River  (3,009) 9,863 

jio  River  at  Weverton,  Maryland 9,897 

ac  River  at  Point  of  Rocks,  Maryland 9,654 

ac  River  at  Edwards  Ferry  below  Goose  Creek,  including  Monocacy 

»r  at  mouth  (941)  and  Goose  Creek  (384) 11,100 

nc  River  at  Great  Falls,  Maryland,  including  Seneca  Creek  (133) . .  11, 437 

lac  River  at  Chain  Bridge,  District  of  Columbia 11, 545 

3  River  (tributary  of  St.  Joseph  River)  at  mouth,  Michigan 164 

iT  Creek  (tributary  of  New  River)  at  ford  one-half  mile  below 

tville.  North  Carolina 9 

Oreek  (tributary  of  Nolichucky  River)  at  month,  North  Carolina. .  18 

ir  Creek  at  Boca,  California 55 

River  at  Provo.  Utah    040 

tory  Oeek  at  Trinidad,  Colorado T42 

tory  Creek  at  Las  Animas,  Colorado 3. 040 

Creek  at  Whitlows  ranch,  Arizona ..  143 

River  at  mouth,  Michigan  213 

Patch  Creek  (tributary  of  Broad  River)  at  mouth.  North  Carolina.  12 
i  Creek  (tributary  of  French  Broad  River)  at  mouth,  North  Caro- 
..  36 

400 


^ank  Creek  (tributary  of  Allegheny  River)  at  Brookville.  Pennsyl- 

A 

edar  River  at  Agricultural  College,  Michigan 358 

edar  River  at  mouth.  Michigan 472 

e  Creek  (tributary  of  Yadkin  River)  at  North  Wilkesboro.  North 

)lina 95 

iver  in  Texas 15,800 

ock  Creek  at  Redrock,  Montana 1, 330 

»lican  River,  North  Fork,  at  Haigler,  Nebraska 1, 390 

ilican  River  at  Superior, Nebraska t..  22,347 
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'BApnblifan  Rirer  at  Janction.KanBas  .  U,< 

-Bepublican  River  in  Colorado  _ 7,830 

Bepnblican  River  in  Nebraska 1D,41S 

iBepublican  River  in  EansaB - T.IM 

SS,' 

Sice  Creek  at  Mursbnll.  Michigan.  1  mile  above  month- 

Rio  Grande  at  De!  Norte,  Colorado... I, 

Rio  Grande  at  Cenicero.  Colorado  _ 7; 

Hio  Grande  at  Embudo,  New  Me.\ico 10, 

Bio  Grande  at  Rio  Grande.  New  Uexico 14,' 

filo  Grande  at  San  Marcial.  New  Mmioo 38,1 

(iUo  Grande  at  EI  Paao.  Tpibs - i 

Eio  Grande  in  Colorado      7.498 

Kio  Grande  in  New  Mexico- 72,380 

Rio  Grande  in Teiaa _       8O.m0 

W0,« 

Roau  Creek  (tributary  of  Wataoga  River)  at  Bntler,  Tenneosee 

Roauolie  Rii  er  at  Eoanoke.  Virginia      - 

Roanoke  River  at  Clarkaville,  Virginia - --- 

Roanoke  River  at  Neal.Nurtb  Carolina _.      (tra 

Roaring  <  reek  |  tributary  of  Nolichncky  River)  at  month.  North  Carolina. 
Roaring  River  itribntary  of  Yadkin  River)   at  Roaring  River.  North 

Carolina -.  - 

Rock  Creek  (tributary  of  Nolichncky  Biperi  at  ford  on  Micaville-Mariou 

road,  North  Carolina  ._ _......'.. 

Rock  Creek  at  Battle  Mountain.  Nevada TS 

Rock  Creek  at  Zoological  Park.  District  of  Columbia S) 

RuBh  Creek  (tributary  of  Genesee  Rlveri  at  month. New  York    !S 

Bush  Creek  (tributary  of  Holston  River)at  month.  Virginia _.  S    ' 

Rockhouse  Creek  itributiiry  of  Watauga  River!  at  mouth.  North  Caroiina.  • 

Saco  River  at  Fryebttrg,  Miuuo ):19 

Sai'O  River  at  Great  Falls  at  Hiram,  Maine   S.*i9 

Saco  River  at  Highland  Rips.  Maine    _ 1,3<!8 

Saco  River  at  Bonny  Eagle  Fulls.  Maine .. 1,578 

Sai-rament))  River  at.lellyn  Ferry.  Cnl if ornia __ H,134 

Sacramento  River  above  Redtjluff.  California   ...      QiSSt 

Sacramento  and  Saa  .loafiuin  rivers  in  California .     611.020 

Sacramento  River  in  Oregon.. __ 6T,5 

M.HTS 

SacaU'iagH  River. -Sunt  li  Branch,  at.  mouth.  New  Ynrk _ iV' 

Hacandaga  Kiyer.  East  Branch. at  mouth.  New  York. 124 

Sacandaga  River.  Middle  Branch,  at  mouth.  New  Y'ork 115 

Sacandaga  River  below  Stony  Creek,  New  York __ 223 

Sacandaga  River  at  mouth.  New  York ,_.  1.0)6 

St.  Clair  Creek  (tributary  of  Holaton  River)  at  mouth.  Virginia S 

Bt.  Croix  River.  West  Branch,  at  Princeton  dam.  Miiine HO 

St.  Croix  River.  West  Branch,  at  continence  with  main  river,  Maine  . 750 

St.  Crois  Kiver  at  (rraiid  ( Schoodic  I  La.ie.  Maine  . .    _ liO 

St.  Croix  River  at  Little  Falls,  Maine _ SIM 

St.  Croix  River  alxive  mouth  of  Wwst  Branch,  Ma,ine 6M 

St.  Croix  River  below  mouth  of  Weai  Branch,  Maine l.#) 

St.  Croix  River  at  ypragues  Falls,  .Maine i,4oiJ 

St.  Croi-t  River  at  lower  dam  at  Calais.  Maine 1.530 

St.  Croix  River  at  mouth,  eastern  border  o£  Calais,  Maine l.fiW 
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Square  miles. 

8t  ioeeph  River  above  Three  Rivers,  Michigan 863 

8t  Joseph  River  below  Three  Rivers,  Michigan 1,417 

St  Joseph  River  above  Niles,  Michigan 3,616 

St  Joseph  River  below  month  of  Dowagiao  River,  Michigan 3, 898 

St  Joseph  River  above  month  of  Pawpaw  River,  Michigan 4«  157 

St  Joseph  River  below  month  of  Pawpaw  River,  Michigan 4, 586 

St  Lonis  River  above  Cloqnet,  Minnesota 3, 272 

St  Vrain  Creek  near  Lyons,  Colorado 209 

Sslina  Creek  at  Salina,  Utah  . 255 

Spinas  River  at  Salinas,  California 4,940 

Saline  River  at  Beverly.  Kansas 2.730 

Sftline  River  at  month,  Kansas 3, 311 

Salmon  Creek  (tributary  of  Cayuga  Lake)  at  month.  New  York   90 

Salmon  River  1  mile  above  falls,  New  York 191 

Salmon  River  at  bridge  station.  New  York 2H 

Salt  Lake,  Utah.    S4'Ai  Great  Salt  Lake. 

Salt  River  below  Tonto  Creek,  Arizona 5. 756 

Salt  River  in  canyon  20  miles  above  Verde  River,  Arizona .  5, 880 

Salt  River  at  Arizona  dam,  Arizona 12, 260 

Salt  River  at  McDowell,  Arizona,  above  Verde  River 0, 260 

Saluda  River  at  Waterloo.  South  Carolina 1 ,  056 

Sandy  Mush  Creek  (tributary  of  French  Broad  River)  at  mouth,  North 

Carol  ma -• .  81 

San  Emidio  Creek,  California ... 54 

San  Gabriel  River  at  canyon  above  Azusa,  California 220 

San  Gabriel  River  above  narrows  at  Paso  de  Bartolo  Rancho,  California  .  567 

San  Joaquin  River  at  Her ndon,  California 1,637 

San  Juan  River  at  Arboles,  Colorado 1, 326 

San  Miguel  River  at  Pallscreek.  Colorado 327 

San  Pedro  River  at  Dudley ville,  Arizona 2, 870 

San  Pedro  River  in  Arizona 3,386 

San  Pedro  River  in  Mexico 1  ',*0 

3, 456 

San  Pitch  River  at  Gunnison,  Utah •     836 

Sandy  River  at  Farmington,  Maine 340 

Sandy  River  at  mouth,  Maine 600 

Santa  Ana  River  at  Warmsprings,  California 188 

Saquoit  Creek  at  New  York  Mills,  New  York 52 

Saquoit  Creek  at  mouth.  New  York .   67 

Savannah  River  at  Calhoun  Falls.  Georgia 2,712 

Savannah  River  at  Augusta,  Georgia 7, 294 

Schoharie  Creek  at  Gilboa,  New  York . .     308 

Schoharie  Creek  at  Central  Bridge,  New  York .   684 

Schoharie  Creek  at  State  dam  at  Fort  Hunter.  New  York 947 

Schoharie  Creek  at  Schoharie  Falls.  New  York    930 

Schoharie  Creek  at  Mill  Point.  New  York  _ 934 

Schroon  River  at  foot  of  Schroon  Lake,  New  York   479 

Schroon  River  at  Tumhlehead  Falls,  New  YorU              . 502 

Schroon  River  at  Warrensbur^.  New  York,  gaging  station 563 

Schroon  River  at  mouth, New  York.. 550 

Scioto  River  at  Kenton,  ( )hio    . .       .  153 

Scioto  River  at  Columbus,  Ohio 1,070 

Scioto  River  at  Shadeville.  Ohio,  including  Olentangy  River  (523) 1 ,  670 

Scioto  River  at  mouth,  Ohio 6,432 


5U 
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3ebago  Lnke  oenr  ontlet.  Maine  . . 

Sebasticook  Biver  at  month,  Maine ,      1, 

3ene<'-a  Lake  at  outlet. New  York __ 

^enecH  River  at  foot  ot  Seneca  Lake.  New  York 

Seneca  River  at  Waterloo.  New  York 

^Jeneca  River  at  Seneca  Falls,  New  York 

jeneca  Eiver  at  entrance  to  Caynga  Lake,  New  York 

3eneca  River  lielow  Cayuga  Lake, New  York.,-    I, 

3eneca  River  at  Montewiuia. New  York _ -..   ...      S. 

Seneca  River  at  BiildwiuaviUe.  New  York 8. 

ieneca  River  at  junction  witii  Oneida  River,  New  York  , 8. 

Sevier  Eivar  at  Gunnison.  Utah __   _..    _ 8, 

Sevier  River  at  Leamington.  Utah 6, 

Bhenandoali  River. North  Fork. at  Brocks  Gap,  Virginia..    . 

Bheuandoah  River.  North  Fork,  at  Monnt  Jackson,  Virginia _ 

Shenandoah  River, North  Fork, at  Rivertan.  Virginia      ... .__ 1. 

:ttuiaandoali  River,  South  Fork,  at  Port  Republic,  Virginia,  inclnding  Mid- 
dle River  at  junction  with  North  River  (36;t)- North  River  at  jnnctlon 
with  Middle  River  i41S),  North  River  at  jnnction  with  Sontii  River 

f.(80i).  South  River  at  jnnction  with  North  River  (346)  1. 

Stenandoah  River, South  Branch. at  Shenandoah,  Virginia _. ..      1, 

Shenandoah  River,  Sonth  Branch,  at  Overall.  Virginia 1, 

Shenandoah  River.  South  Branch,  at  mouth  at  Riverton.  Virginia 1, 

Sbenando.ih  River.  South  Branch,  at    Front    Royal.  Virginia,  gaging 

station  .  -..  ..  - 1, 

Shenandoah  River  at  RivertoD,  Virginia.  Inclnding  North  Fork  (l.OST) 

and  South  Fork  <I.58T) - 3, 

Shenandoah  River  at  Millville.  West  Virginia 3, 

Shenandoah  River  at  mouth.  Hari)eT8  Perry,  West  Virginia i,OBt' 

Shoshone  River.  Siiuth  Fork,  at  Miiri|netle.  Wypming 500 

Shoshone  River  at  Corbett,  Ws'oming  ...    . .        ],71S 

Shoshone  River  at  Loveli.  Wyoming   . .  3.720 

Shut-in  Creek  (tributary  of  Freoch  Broad  Riven  at  ford  on  Hot  Springs- 

Poitt  Rock  road,  North  Carolina    » 

Silver  Creek  {tributary  of  Catawba  River)  near  mouth.  North  Carolina. .  63 

Silver  Lake  (trilmtary  of  Genesee  River)  at  month.  New  York  30 

Sinking  Creek,   or  Beidlemana  Creek  (tributary  of  Holston  River)  at 

mouth.  Tennessee 2S 

Sinking  (.'reek  (tribntary  ot  Watauga  River!  at  lower  ford.  Tennessee   . .  IS 

Skaneatelea  Lake  at  outlet.  New  York      7i 

Smoky  Hill  River  at  Ellsworth,  Kaniias.  including  drainage  in  Colorado 

(l.-kC!)  and  Kansas  (11,-1471 .     .   ..-        T.9* 

Smoky  Hill  River  below  Ellsworth,  Kansas,  exclusive  of  Saline  and  Solo- 
Smoky  Hill  River  ;it  mouth.  .Junction.  Kansas _ yi).42S 

Snake  River,  North  Fork,  at  Ferry.  Idaho  . nSI 

Snake  River  at  Idaho  Falls.  Idaho  10.10* 

Snake  River  at  Montgomery  Ferry,  Idalio _.      SS.SOO 

Snake  Biver  in  Idaho      - 73.."iO« 

Snake  River  in  Nevada _ _       5,  iSO 

Snake  River  in  Oregon IT.O.iO 

Snake  River  in  Washington     6. 683 

Snake  Biver  in  Wyoming 't.  2iM? 

I0s.6a) 
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Sqiuure  miles. 

:  Biver  at  QniUaynte,  Washington 272 

RiveratBeloit,  Kansas...     5,539 

River  at  NUes,  Kansas 6,815 

River  at  month,  Kansas  . .  6,882 

iver  at  Port  Republic,  Virginia 1,050 

•f  James)  River  at  month,  Virginia 116 

>nlder  Creek  at  South  Bonlder  Canyon,  near  Marshall,  Colorado.  125 

ranch  or  Fork  of  any  river,  9ee.  the  river. 

dian  Creek  (tribatary  of  Nolichncky  River)  at  month,  near  Erwin, 

asee 85 

latte  River  at  Lake  Cheesman,  Colorado,  gaging  station 1, 677 

latte  River  at  Deansbnry ,  Colorado 2, 600 

latte  River  at  Platte  Canyon ,  Colorado 2, 620 

latte  River  at  Denver,  Colorado,  including  Bear  Creek  at  Morrison 

.  3,840 

latte  River  at  Greeley,  Colorado,  above  month  of  Cache  la  Pondre 

7,110 

latte  River  below  Greeley,  Colorado 9, 575 

latte  River  at  Orchard,  Colorado 12,260 

Latte  River  at  month,  North  Platte,  Nebraska 23,294 

oe  River  (tributary  of  Nolichncky  River)  at  ford  on  Micaville- 

spine  road.  North  Carolina 59 

oe  River  (tributary  of  Nolichncky  River)  1  mile  above  mouth  of 

Fork  Creek,  North  Carolina 19 

Fork  in  canyon  near  Spanish  Fork,  Utah 670 

River  at  Spokane,  Washington 4, 005 

/"reek  (tributary  of  French  Broad  River)  at  Hot  Springy,  North 

na 78 

Ihreek  (tributary  of  Holston  River)  at  mouth,  Virginia 16 

Oeek  ( tributary  of  Nolichncky  River )  at  mo  ath ,  North  Carolina .  5 

reek  (tributary  of  Holston  River)  at  Marion,  Virginia 12 

IS  River  at  Oakdale,  California 1 ,  051 

1  River  at  Clarksville,  Virginia 3,546 

at  Creek  at  Steamboat  Springs,  Nevada 40 

reek  (tributary  of  Sacandaga  River)  at  mouth.  New  York  .....  212 
reek  (tributary  of  Watauga  River)  one-half  mile  above  mouth, 

ssee  _ _ . 49 

rry  Creek  (tributary  of  Duchesne  River)  at  mouth,  Utah 1, 166 

iver  (tributary  of  Black  River)  at  mouth,  New  York 66 

er  at  Augusta,  Montana . . 1 ,  175 

anna  River,  West  Branch,  at  Allenwood,  Pennsylvania 6, 538 

anna  River,  West  Branch,  at  mouth,  Pennsylvania 7, 027 

anna  River  above  mouth  of  Oak  Creek,  New  York 97 

anna  River  below  mouth  of  Oak  Creek,  New  York 212 

anna  River  below  mouth  of  Unadilla  River.  New  York 1 ,  638 

anna  River  at  Nineveh,  New  York 1, 789 

anna  River  at  Siip  nehanna.  New  York 2, 024 

anna  River  at  Birmingham,  New  York 2, 279 

anna  River  above  mouth  of  Chemung  River,  New  York .  4, 945 

anna  River  at  Pennsylvania-New  York  State  line 6, 207 

anna  River  below  mouth  of  Chemung  River,  Pennsylvania 7, 463 

anna  River  at  Wilkesbarre.  Pennsylvania 9, 810 

anna  River  at  Danville.  Pennsylvania 11, 070 

anna  River  above  confluence  with  West  Branch,  PexmsYlvObTL^ . .  VI A^ 


\ 
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Snaqnehatuia  River  at BuriatxiTg.  FennsylvuiU _-.      t 

Snequehaona  River  at  month.  PetiD8]:l*«nia -. --  3 

Swapuanoa  River.  North  Fork,  at  bridge  3  miles  abOTe  SwannanoK  po«t- 

office.  North  Carolina ---..- 

SwanOBJioa  River  itribntory  of  French  Broad  RiT«r}  at  Biltmore.  North 

Sv>^@tnat«r  River  at  month.  Wyoming - _-- 

Sweetwater  River  at  Sweetwater  dam.  California  . . 

Talioe  Lalie  at  ontlet,  California  t  w»t«T  fiurfai-«  LSS  tquaremilea) 

Talladi  ga  Creet  at  Nottingham,  Alabama 

TaUapooaa  River  at  Slardevaut,  Alabama .-.. 

Tallapontia  River  at  Snsanaa.  Alabama 

Tallapoosa  River  at  Milsteod.  AUbaina 

TallnUh  River  al  Talinlfth  Falls.  Oeorgia.     

Tar  Rivtr  at  Tarl>o«i.  North  CaroHn«",.__ _ _    

THttgbauic  Creek  (tribatary  of  Caynga  Lake)  at  month.  New  York 

Tehachapi  Creek  (tributary  of  Calient*^  Creek i. Calif wnia  ..   -- 

Te:on  House  Creek  at  Tejon  ranch,  California _ 

Tennessee  Fork  of  Arkansas  Rivtr  near  Leadville.  Colorado 

Tfnnesaee  River  at  CBatttnooga,  TenneaMe - 3 

Tennesoee  River  at  (.'onllnence  of  Broad  aod  Holston  rivers,  at  Knoxville, 

Tennessee    _ ___ _ _ _ 

TonneB-ii-e  Kiver  at  Enoxville,  TeoDeesee 

Teton  River  at  Wilford.  Idaho 

Thomas  Creek  (tributary  of  Holston  River)  at  month,  Tenneooec 

Thornapple  River  (tribatary  of  Grand  Riven  at  month.  Michigan 

Tlireetop  Creek  i  tribntary  of  New  River  i  on  footbridge  at  Crestou,  North 

Carolina - 

Thonder  Bay  River.  North  Branch,  above  month.  Michigan .-"^ 

Tbnu.ier  !iay  River.  South  Branch,  above  mnnth.  Michipan 

Thuniler  Bay  River  alwve  month  of  North  Branch,  Michigan  .  _ 

Thunder  Bay  River  above  month  of  South  Branch,  Michigan 

Thunder  Bay  Rivfr  at  Alpena,  Michigan 

Tioga  River  above  mouth  of  CHnisteo  River,  New  York 

Tioga  River  >  tributary  o(  Snscjuehauna  River)  at  mouth.  New  York 

Tioughaiottft  River.  West  Branch,  at  month.  New  York ■ 

Tiout'hnioga  River. East  Branch. at  mouth.  New  York 

Tionghnioga  River  (tributary  of  Sn8i)nehanna  River)  above  mouth  of 

Atselic  River,  New  York ___ 

Tioughnioga  River  itributary  of  tjusfiuebanna  River)  at  month.  New 

York _.._ 

Tongue  Riverat  Mite^i  City. Montana 

Town  Creek  itributiiry  of  Watauga  Riven  at  Shoun  crossroads.  Tennessee. 
Three  Fork  Creek  (tribut.iry  of  Nolichucky  Kiven   i  mile  above  month. 

North  Carolina   ..... _ 

Thompson  Creek  near  Loveland. Colorado     _.. 

Toccoa  River  at  Blueridtfe. (ieorgia _ 

Toe  River  (tributary of  Solichncky  Riven  at  Huntdalc.  North  Carolina. 

Tohickou  Creek  at  Point  Pleasicit.  Pennsylvania 

Towaliga  River  at  mouth. . Juliette,  Georjria _ 

Trockee  River.  Upi>er,  ai  inlet  to  Lake  Tahoe,  California _ 

Truckee  River  at  Talioe,  California 

Trnck**  River  at  California- Nevada  State  line .  .   . 

Trackee  River  at  month  of  Little  Truckee  Riwr  at  Boca,  California 


DBAINAGE   ABEAS.  547 

Square  miles. 

ie  River  near  Essex,  Nevada 991 

»  River  near  Langhtons,  Nevada 1, 014 

»  River  at  Vista,  Nevada 1.435 

wgee  River  3  miles  above  Bryson.North  Carolina 609 

legee  River  at  Bryson,  North  Carolina 662 

r  Creek  (tributary  of  French  Broad  River)  200  yards  above  month, 

h  Carolina 6 

K)  River  at  Madison,  Sonth  Carolina 593 

iiver  above  Portersville,  Calif ornia 437 

f  Creek  (tributary  of  French  Broad  River)  at  Black  well  Springs, 

:h  Carolina 28 

y  Cove  Creek  (tributary  of  Catawba  River)  i  mile  above  mouth, 

:h  Carolina 81 

rora  Creek  (tributary  of  Susquehanna  River)  at  mouth.  New  York.  120 

nne  River  at  Lagrange,  California 1, 501 

inne  River  at  Modesto.  California 1 ,  635 

River  at  the  canyon,  Utah 218 

River  at  Fort  Duchesne,  Utah 672 

River  at  Ouray  School,  Utah 967 

Ua  River  at  Gibbon,  Oregon   853 

Ila  River  at  Pendleton,  Oregon 640 

g:og  Outlet  immediately  above  junction  with  Magalloway  River, 

le 760 

Ua  River  (tributary  of  Susquehanna  River)  at  mouth,  New  York  . .  561 

apahgre  River  at  Fort  Crawford,  Colorado 497 

ipahgre  River  at  Montrose.  Colorado 565 

Creek  (tributary  of  Catawba  River)  near  mouth,  North  Carolina.  85 

Black  Creek  (tributary  of  Genesee  River)  at  mouth, New  York. . .  39 
Laurel  Creek   (tributary  of  Watauga  River)  at  mouth.  North 

)lina 7 

Truckee  River  at  inlet  to  Lake  Tahoe,  California 59 

River  at  Philippi,  West  Virginia , 620 

ampens  Creek  (tributary  of  Genesee  River)  at  mouth.  New  York..  56 

marck  Creek  (tributary  of  Genesee  River)  at  mouth.  New  York ...  22 

River  near  Fort  McDowell,  Arizona 6. 0(X) 

River  1  mile  above  Salt  River.  Aiizona    _ 6, 000 

pris  River  at  McTaggarfs  mills,  Kansas 3, 067 

T  Creek  (tributary  of  Holston  River)  at  mouth,  Virginia 13 

walla  River  at  Whitman.  Washington 310 

ill  River  at  New  Jersey-New  York  State  line 210 

it  Creek  (tributary  of  French  Broad  River)  at  mouth.  North  Caro- 

17 

iga  River  at  Elizabethton,  Tennessee 408 

iga  River  at  Butler,  Tennessee 261 

3ga  River  at  Watauga  Falls.  North  Carolina 1)6 

3ga  River  1  mile  above  ShuU's  mill.  North  Carolina 12 

iga  River.  Boone  Fork,  at  Shall's  mill.  North  (  arolina 9 

r  River  at  Uinta.  Utah 1.000 

r  River  at  Weiser.  Idaho  .... 1 .  070 

che  River  7  miles  above  Wenache.  Washington 1 , .V27 

Branch  of  any  river,  see  the  river. 

Canada  Creek  at  Twin  Rock  Bridge,  New  York 2')2 

Canada  Creek  at  Trenton  Falls,New  York 375 

Canada  Creek  at  Middleville,  New  York,  gaging  station. ^\& 


West  (.'anaiia  Creek  at  Herkimer.  New  York  .. 

it  <'auaila  Creeb  at  tnoatb.  Sew  York  .. 
West  Fork  of  any  river,  /lee  the  river. 
West  GaliatinBiverat  WUliams's  rai><.-b.  Montana,. 
Whit©  Creek  (tribntary  of  Geopsee  Hirer t  at  month.  N»w  Tark._ 
Whiteoak  Creek  (tributary  of  South  Fork  of  Too  BiTsr)  at  monUi,  North 

Carolina  . 
Whiteosk  Creek  (tribntary  of  Nurth  Fork  of  Toe  River)  at  moath.  North 

Carolina 

Whiterocka  River  f  tributary  of  Dachesne  River)  at  canyon,  Utah 

White  RiTerBti-ily  of  Whiteriver,  Colorado 

White  River  at  Crawford.  Nebraska „ 

White  RiTer  at  Bnckley.  Washington 

Wbitetop  Creek  (tributary  of  Holston  River)  at  month.  VlrfdniA 

Wilaons  Creek  (tributary  of  Catawba  Riven  at  .month.  North  Garolina.. 
Wilsons  Creek  (tribntary of  New  River  1  3  tnilee above  month.  Virginia., 

Wiscoy  Creek  (tribntary  of  Geneeee  Riverj  at  month. New  Jork 

Wissahickon  Creek  near  Philadelphia.  Pennsylvania _. IS 

WolfCreek  (tributary  of  Holston  Riven  at  month,  Virginia !8 

Wolf  Creek  (tributary  of  Gcntaee  Riven  at  month.  New  York 19 

Wood  River  at  Hailey,  Idaho - tM 

Wood  River  at  Toponifl.  Idaho 3.1» 

Yadkin  River  at  second  ford  below  Patterson's  mill,  Nortb  (^n^tna W 

Yadkin  River  at  Wilkesboro.  North  Carolina  ___ 2if 

Yadkin  River  at  Siloam.  North  Carolina _.      l.31» 

Yadkin  River  at  Salisbury,  or  Holtaburg.  Nortti  Chndins _ t.M 

YadtiaRiverat  N(jrwood.NorthCurolin«-...        -- _..     i«l 

Yakima  River  at  Union  Gap,  Washington.- _ 8,*. 

loldma  River  at  Selata.  WaahlDgton - _      l.Oi 

Yakima  River  at  Kioiia.  Washiii^rlon _ _..    ,  5,330 

YeUow  River  (ttAlmon-'ieorgiu 379 

YellnwatoQV;  River  at  Horr.  Montana 

Yellowstone  River  at  Livingston.  Montana _  .. 

Yellowatoni' River  in  Montana 36.313 

YeUowatone  River  in  North  Dakota    250 

Yellowstone  Rivtr  in  Wyoming _„_ __ 33.13! 

Youghiogheny  River  at  Friendsville,  Maryland 

Youghiogbeny  River  at  Confluence,  Pennsylvania 

Yonghiugheny  River  at  West  Newton.  Pennsylvania. . 

Ynba  River,  Middle  Fork,  at   Freeman's  bridge,  North  San  Jnan.  Cali- 

Yuba  River,  North  Fork,  at  Yuba  Power  Company's  dam,  North  San 

Jnan,  California 

Ynba  Rivi^r  at  Parka  Bar  bridge,  Smartville.  California 

Ynkon  River  in  Canada .    .    .  ,    .         150, TM 

Ynkon  River  iu  United  States 1SU.  1-14 
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be  Water-Supply  and  Irrigation  Papers  are  limited  by  law  to  100  pages  each.  It  was  there- 
tore  neoeasary  to  divide  the  report  on  the  operations  at  river  stations  for  1900  into  six  parts. 
Paper  No.  47  contains  pages  1  to  100;  Paper  No.  48,  pages  101  to  IW;  Paper  No.  40,  i>age»  1H7  to 
«;  Paper  No.  60,  pages  293  to  388;  Paper  No.  51,  pages  389  to  488:  Paper  No.  52,  pages  48J»  to  576.] 


A. 

Page. 

Abbe.  C,  jr.,  gagingstations  established 

by 138,179,180,181 

stream  measurements  by 180,181 

Abnms  CYeek,  Tenn. ,  measurements  of . .      217 

Ad«m8.W.M.,aidby 131 

AkbBma,hydrographic  work  in Ift4- 

174.175-176 

rating  tables  for  streams  in  ^ 614 

stream  measurements  in,  miscella- 
neous        210 

Akh^rwp  River  at   Montgomery,  Ala.,      » 
measurements  and  gage  heights 

of  168-189 

Alabsma  Biver  at  Selma,  Ala.,  measure- 
ments and  gage  heights  of 160-170 

Albany,Ga.,hydrographic  work  at —  166-167 

Aloovy  Biver,  Oa.,  measurements  of 207 

Aider  Creek,  Cal,  measurements  of 405 

Alderson,  W.  Va.,  hydrographic  work 

at 17a-179 

rating  table  for 516 

Alexander  City,  Ala.,  hydrographic  work 

near 172-173 

Ulenwood,  Pa.,  hydrographic  work  at.  111-112 

rating  table  for 511 

Umon,  Qa.,  hydrographic  work  at 153-154 

rating  table  for 513 

Uston,  S.  C,  hydrographic  work  near.  14<>-147 

ratfng  table  for 512 

American  Fork,  Utah,  dincharge  meas- 

urementsof 493 

division  of  waters  of 417-418 

features  of,  and  irrigation  from .  499, 504-605 
American   Fork  near    American    Fork, 
Utah,    measurements   and    gage 

heights  of 417-419 

Lmerican  Biver,  CaL,  measurements  of, 

miscellaneous 48u 

Lmiralola  River,  Qa.,  measurement  of . . .      2i)8 
imity  canal  head  gates,  Colo.,  stream 

measurements  at 329 

oiderson,  L.  W.,  stream  gagings  pro- 
posed by 246 

kuderson  Creek,  Qa.,  measurement  of . . .      209 
Lndroscoggin  River  at  Rumford  Falls, 

Me.,  discharge  of  (daily),  1900 31-.')2 

Uiimas  River  at  Durango,  Colo.,  meas- 
urements and  gage  heights  of . .  :J83-384 
rating  table  for 52») 


POKC. 

Ant  Creek.  Cal. ,  measurement  of 461 

Antietam  Creek  near  SharpHburg.  Md., 
measurements  and  gage  heights 

of 117-118 

rating  table  for 511 

Appalachee  River.  Ga. ,  measurement  of .      207 
Appomattox  River  at  Mattoax.Va,.  meas- 
urements and  gage  heights  of  . .  12ti-127 
Ararat  River,  N.  C. ,  measurements  of  —      2W 

Arizona,  hydrographic  work  in :»5  ;»7 

rating  tables  for  streams  in 520 

sediment  in  streams  in,  methods  of 

measuring 15-18 

Arkansas  River,  features  of :..  319-320 

Arkansas  River   at  Amity  canal  head 

gates,  Colo. ,  measurement  of 389 

Arkansas  River  near  Canyon,  Cola ,  meas- 
urements and  gage  heights  of  . .  32:^-324 

rating  table  for 518 

Arkansas  River  near  Granada,  Colo. ,  gage 

heights  of 339 

Arkansas   River   at  Hutchinson,  Kans., 
measurement.s  and  gage  heights 

of ;«) 

rating  table  for.  518 

Arkansas    River    near    Nepesta,    Colo., 
measurements  and  gage  heights 

of 32t>-y27 

rating  table  for 518 

Arkansas  River  at  Prowers,  Colo.,  meas- 

urenionts  ami  gage  heights  of 328 

Arkansas  River  at  Pueblo,  Colo.,  meas- 
urements and  gage  heights  of  . .  325-326 

rating  table  for 518 

Arkansas   River  near  Rockyford,  Colo., 

gage  heights  of 327 

Arkansas  River  at  Salida,  Colo.,  measure- 
ments and  gage  heights  of itii-;J23 

rating  table  for 518 

Arkiiis,  Colo.,  hydrographic  work  near.  290-291 

rating  tal>lo  for 517 

Arlington,    Nebr.,    hydrographic   work 

at 309-310 

Arnold, S., acknowledgments  to 10 

stream  measurements  by 440, 

TT  1  f  YTiVy  TrT*J|  TX^i  X^K) 

Arququah  C^cek,  Ga.,  measurement  of..  217 
Arroyo  Seco,  Cal. .  measurements  of.  454, 471 ,  487 
Ash  Creek,East,Nebr., measurements  of.  310 
Ash  Creek, West,Nebr.,mea8urementsof.     310 


Baunwt*r.  E.  K..  a':knowl»ai[ineiin  tf.. .  :c5i             ration  table  for 

Barl^r.  Mi«aB..iii.lbr a^r  Bir  Sjr,Qi   Rivsr    nenr  Sioui    F»:i*.  p. 

B«rtoDS|jrinBii.TBi[..uie(iJiun!iiieQlsof  XU                   heixbttot  

Ba-.ln''r<f<:k.  I'al..  meutureiDPUtor va  Bii;  8i'>ui    I{;vcr    Dear   WiUfrt.irD.  ^. 

BiiitleiToi;k,  Mali'j.  brdrogrsphic  wi)rk  Dak..  Kai;iu>r  staticn  t.n,  iie?j:rip 


K  tal.l" 


Hiiirl'r>«k  ii.-ur  MorrlwD.  •'Mo.  i 

uruicpnls  Mii'l  ijaite  liKiKl]t-><i 

rutluK  tabis  ['T  


£in>EZ. 


551 


Pagre. 
Ca,  reaerroir  projects 

279 

b.,measnrements  of —     800 

.,  xneftimrement  of 217 

»y 328 

>    at    Mifloonla,   Mont., 
ents  and  ffikge  heiffbtH 

43:m.'U 

>r 622 

Y.,  measnrements  of, 
1008 30 

of '£rr 

Hnntinfirtonyille  dam. 
iiacharge     of     (daily), 

: 23tt-2:» 

1  on,  data  regarding «>< 

of 23H 

izimnm 237 

near  Bonner.  Mont., 
lentfl  and  gage  belfrhts 
430-4:n 


f> 


or 

ien  River  near  Granger,  | 

iasnrements  and    gage 

3«7 

or r>19 

at  Hymm,  Utah,  meas- 
and  gage  heights  of . .  412  4i:{ 

or 521  I 

Iver  near  Cordova,  Ala., 

lent  and  gage  heights  I 

171-172 

iver  at  Tuscaloosa.  Ala., 

htsof 170-171 

or 514 

X.,  measurement  of . . .  3:JH-I$W 
.  C,  measurement  of...      21rt 

lowledgmcnts  to 77 

measurement  of 210 

r..meaHuremeut  of 'ilo 

Manhattan,  Kans.,  moas- 
and  gage  heights  of  . .  :U7-'ns 

for .'»1H 

ydrographic  work  near.      VX\ 

or  51.") 

hydrographicworkat.  1^2  1K{ 
works,  Qrand  Rapids, 

ed.  211 

k.  Qa..meHSuremcnt  of  .  2iil» 
k.  Ga.,  measurement  of. .  2(i^^ 
.rograpbic  work  near  .  427  42h 

•or  :)22 

aho,  measurements   of, 

eous 42J> 

•  Boistv  Idaho,  measuro- 

li  gage  heights  of . .   ...  427-428 

Tor .V« 

iho.  disclmrgt*  mca-sure- 

miscollaiu'ous . 42S-421* 

lOwledgmeutH  to 37 

42 

hydrographic      w«»rk 
4:»  431 

....................  ■  9»w*m 


for 

Watauga   River,  N.  C. 
nents  of 215 


Boon vi  lie,  N.  Y.,  measurements  on  Erie 

Canal  at 21-33 

Booth,  A.  L., stream  measurements  by. . .      .WO 

Boright,  W.  P.,  work  of,  in  connection 

with  investigations  to  determine 

flow,  seepage,  and  evaporation  of 

New  York  State  canals  and  fcfKiers       18 

Boulder.     Colo.,     hydrt^raphic      work 

near 2S7-2H8 

rating  table  for 517 

Koulder  Creek,  Colo. .  mcMisurements  of.        .')(U 

seepage  on 301 

Boulder  Creek  near  Boulder,  Colo. .  meas- 
urements and  gage  heights  of  .    2>*7-388 

rating  table  for  r)17 

Bowlen  Creek,  N.  C,  measurements  of . . .      214 

Boyer,  H.M..ald  by    188 

Tioylston  Creek,  N.  C..  measun-meTit  of . . .      211 
Bozeman,     Mont,     bydrojrraphie   work 

near 2»n  2il8 

rating  table  for 516 

Bra<iy.T.M.,aidby 178 

Branch.  L. V.,  stn»ani  meaMurenients  by  . .     1H2, 

ls.'J.lM4.lH.'>.187.18S,aifi, 

211.212.213.214,215.216 

Brannock.C.aid  by aj 

BrasHtown  Creek.  Ga. ,  metisurement  of  . .      217 

Braun,J.A.,aid  by ^\ 

Brazos  River  at  Waco,    Tex.,  measure- 
ments and  gage  heights  of ^'^ti-XU 

Briar  Creek,  Ga.,  and  tributary,  measure- 
ments of 300 

Bridgeport,  N.Y.,  gaging  station  at,  data 

regarding 33 

hydrographic  work  at      22;i  -236 

stream  mea.suremi'ut  at :jji 

Bridge.s,W.N..aidby ''.""      1^4 

Bridgewater,  N.  C.  hydrogr;ii)hic  work 

near 

Broad  River.  N.C..  drainage  a n«.'i.  horsr- 
power,   and   fall  of.   relati«)U    Im. 

tween 

flood  of.maxiuiuni.in  l-^l'T 

liroad  Hiver  n«'ar  Alston.  S.  ('.,  meu'^nre- 

m«.'ntsand  ga^o  Ijeii^hts  of 140  147 

rating  tabh' for     512 

volunieof. maximuni  and  niinimura  .      \U\ 
Br«.>ad  River  near  Carlton,  (ia.,  measure- 
ments and  gage  heij^bt>  of l.")l  152 

rating  table  for 51.*} 

Hn»ad  Rivur  at  I)ellin;;»«r.  S.C..  mea.sure- 

nient  an<l  gage  height.-,  of RVIM 

Broa«l  River  at  GafTney.    S.   ('..   gaging 

Htati(»n  on.deserijition  of 145 

Br<.>a(l  River  lof  theCarolinas)  and  tribu- 
taries,  mejtsurenients  of,   inis<'el- 

laueous 2O5-20JJ 

Hr»)a<i  River  (of  (:Jeorgia>  and  tributaries, 

nieasurenients  <»f.  miscellaneous         2(J7 
Brodheads  Bridge.  >'.  Y..  stream  meas- 
urement at ,'Jrt 

I^rown.  C.N. , acknowledgments  to 218,211* 

Brown.  D., aid  by 'M 

Brown  Creek,  N.C..  measurements  of 213 

Bruneau  River  near  Grand  view,  Idaho, 

gage  heights  of 4^2lM27 


142 


14 
15 


Bpr»oti.N.C.,liy<irOKr»plilcworkat---  l»8-K« 

mtiDg  laWB  Tot 515 

Biieh»iui,VB..hrdraKnipliic«cn'kat US 

rating  tabla  tor 513 

Bock  Creek.  Mlidi.. water  powers  on...  317.ISIS 

BDckCTe«k.N.r,.oi<aaiirBmaDtaD( SH 

Buckley ,     Waab.,     bydro^rraphjc     work 


BaSaUi,  Wyo.,  hydrogrBi>hlc  w< 

Buffalo  Creek.  KetH'..  I 

Buffalo  Creek.  If 

Bo  Tal>i  Creek.  Toi]ii..m«a>»ireiiteiiCi 

Bull  Ran  Cr«ek,  Cal..iDi>aanrpmeDt 

Bn&kpr,G-W„BckiicvledsiiieDUtu 


Borr 


-8, T.J. .aid  by,. 


Wby.. 


ir.Tonn-.hydrograpliio  workal  .. 
irnnl  Creek. Oa..  measuremeat  of 
ird   Flopper  Creek.  Oa.,  iDOamtr 


£15,315 

li8,l»l 


Bynrc  Creok,  Va..inaHareiueuta  of  .. 


Cacbe  Creek.  Cai..  meoaurems 
Cu^e  la  Poadre  River.  Colo. 

menta  oF,  uiiacellaueoaa AJG 

seepage  alonB aw.afi 

Cache  la  Poadre  Rlrer  iiuar  Fort  CqIUdk. 

Colo.,  discharge  ol  (daUy) »1-SK 

CaUTeraBOeek,  CaL.tneuaremeDtsot.     tfO 
Calbonn  Falls.  3.  C,  hydrographlc  work 


omift.  hyciroKraphii:  work  iu  ..._  4iii-MiL 

KB-wi.  tun, «);-«».  tfiiMHr 

rcciiilt&tion  uQ  aiuuiitnlut  [a  BODtb- 
ernpartuf  lavtfti 


rating  I 


?9  (or  I 


Is  in. 


ooa ■inn,4.'.3.Wl-«E.4i«M)« 

wells  In  aouthem  part  of.  cooatmc- 

Calowa  Hiver  neiir  Forks,  WaBh..  moae- 

uromentB  and  sage  belKhtaof..  Un-Ma 

ratina  taHe  for - S23 

CampClarke.Nehr-.  hydrographic  work 

at - »ni-27T 

CampCreok,  Ko„  moasuroment  of ail 

Cauiil  dreilge.doacriplloQ  ol filB 

Caniils  and  leodars.  paaxage  of  water  In.        IH 
Canals  and  (eBdera  of  New  York  9t»le. 
dincbarge  annsnremcuta  of,  testa 

Cane  Brancli,  N.  C.  moasurvmeola  ot. . .      Xia 


icCr™k.  aa.,roi 
le  Creek.  N,  C,  i 


rementaot-., 


ae. 


CaDer  Craek.  K.  C,  measnremsnt  at ....  fl 
CaoeyBWer.  N.  CmeaAorenuitiUcit....  i 
CautoD,Oa..bydrograpliJc  workat )mji 

rating  table  tor - I 

CaDyan,ColD,.bydrograplilcwurknear.  IM 

raHngUblBsfor- iIT,a 

Canyon  City  ditch,  Oolo..  meaaDremuato 

•^ t 

Cape  Pear  Birer,  If.  C..  dratnaga  arw, 

hompower,  and  tail  or,  relaHoli      ' 

Booda  of.  maxlmmn | 

Cape  Faar  Eiver  at  Pajrptttn'Ille.  N.  C. 
meaaaremeala  and  gave  brigbta 

of-— r. ^ix-t 

ratiDg  table  for-- I 

volume  of.  maxlmnin  aod  Dtinimnm. ,     I 

Carder  Creek, Oa.tnegunn-iacntH -if % 

Carlton, Qa.bydrographie  work  near..  1S1-| 

ratiiig  UbiB  fur I 

CarinDler.O.W..ai:kiiowledgiiienUta..  f 
Carpenter.  L.  Q..aclniowledBiiienlBto..      f 

seepage  inTeatigatianali]r „.  nA 

Carr.B.A..aiaby i 

CarsoD  Biver  uear  Empire.  Ner,.  gag* 

helghlaof _ I 

Carteoay  BiTer.0a..andtrfbntBr7,nMa*-      | 

□rementaof... $ 

C»rt6r.J,C.,aidby _._ t 

Carters.  G)a..hydrognphIc  work  M iAt 

rating  table  for ■ 

CarterifVille.   Va.,     bydrograplilo    irork 

u IM 

rating  table  (or B 

Cascade  Creuk,Wya.,meanrsinBDttaf I.  f 
Catawba,  IT.  C  hydrocnphie  work  at.  UMl 

Catowba    RiviT,  N.   C.  drainiii-e    urea. 


il  r»ll  r> 


relation 


iwidof,! 
LWba  Ri' 


1 


>;>L|»  heights  of..  lU'll 
Catawba  River  near  Uorganton,  N.  C„ 

gHgiogBiatiunou.aBscriptioQiJ,  1«-H 
inea»arein«utB  ami  gage  helRhts  of  -.     U 
Catawta  River  at  Bi«;lihiH,  -■*,  C.  meas 

urementa  and  Bi»te  hrinhls  ot  .  IM-H 

Catawlia  Kiver.  N.  C.  and  trtbutariej, 

mea.<nrementBot,inlaoellaneoiu  3H« 
Cathey  Creek. K,C,.  measaremi^nls  of.  318,11 

C^yadutta  Creek  near  Jt.hn«town,  X.  T.. 

dbchiireBonaaily),l(Wi-19IO  ....SW 

jfoging  station  on.  data  regarding i 

Cedar  Croek,  Oa-,  DiMisureuiBut  of. t 

Cenl«ro,Calo.,hydrograpbu'  work  ai.  JlM 

rating  table  for -— i 

CeotersCri;ek,aa.,inoasDremant  of   1 

ChaudlBr,A.E.,cited __._ ( 

Chanuol.  W    A.,  stream  nieasuremrals 

by .110.; 

Charles  Creek. Oa,.mBaaaremeIit  ot ! 
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rlMtoo,TenD. ,  hydroffraphic  work  at .  192 

rating  table  for &15 

ttabooch«e  Biver  at  Oakdale,   Oa., 
meoanrements  and  gage  heights 

of 158-15G 

rating  table  for 513 

ttahoocbee  River  at  West  Point,  Oa., 
measurements  and  gage  heights 

of  159-lflO 

rating  table  for 514 

.ttaboochee  River.  Oa.,  and  tributa- 
ries, measurements  of,  miscella- 

neooA 208 

^ttanooga.  Tenn.,  hydrographlc  work 

at 1»5 

rating  table  for 515 

ittaaafkee  Creek.  Ala.,  measurement 

of 210 

Xtooga  River,  Ga. ,  measuremen  t  of . . .  206 
At  River  near  Uneva,  W.  Va.,  meas- 
urement and  gage  heights  of 177 

fry  Log  Creek,  Qa. ,  measurement  of .  209 
statee  River.  Oa. ,  measurements  of  . .  -08 
yenne River,  S.  Dak.- Wya , and  tribu- 
taries, measurements  of,  miscella- 
neous   271-272 

Iders  Creek,  Tenn. ,  measurement  of. .  218 
DO  Creek  at  Rincon,  Cal.,  measure- 

mentsof 478 

iholm,J.H.,aidby 172 

ttenango  Creek,  N.  Y.,  State  dams 

on 23a-224 

ttenango  Creek  at  Bridgeport,  N.T., 

discharge  of  (daily),  189t(-1900. . .  224-225 

gaging  station  on,  data  regarding —  38 

measurements  of 39,223 

lestoe  Creek,  Oa. .  measurement  of 217 

istiana  Creek,  Mich. , water  powers  on .  255 
icky    Valley.    Tenn.,     hydrographic 

worknear 185 

Ico  Creek.  Tenn.,  measurements  of —  217 
f  Creek  near  Salt  Lake,  Utah,  dis- 
cbarge of  (daily.)  430 

Uam  River,  Wash.,  measurement  of  . .  4o<) 
m  Lakes,  Mich.,  drainage  area  and 

water  surface  of 251 

pp.  W.  B. .  stream  measurements  by . . .  471 

rk,W.R,  acknowledgments  to 9 

rk  Creek,  Cal.,  measurement  of 461 

ar  Creek.  Colo.,  seepage  along 304 

ar  Creek  at  Forkscreek,  Colo.,  meas- 
urements and  gago  heigbtH  of  . .  285-:>'0 

rating  table  for 517 

ar  Creek.  Ga.,  measurements  of 'Mi 

fcr  Creek.  N".  C,  measurements  of 2tU 

ar  Creek   near   Buffalo,  Wyo..  gago 

heights  of 270 

iton.  Muss. .  hydrographic  work  at 33 

aegar  Creek,  Ga. .  measurement  of 200 

itz.W.  A.,  aid  by 142 

itz  Creek. Ga.,  measurement  of 200 

rer  and  Middle  creeks, Cal..  measuro- 

mentof 4i'>3 

bosseecontee   River   near  Augusta, 

Me.,  discharge  of  (daily) 31 

man,  J.  E., acknowledgments  tu  . .  81, 98, 109 

IBB  52^01 5 
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Cogbnms  Creek ,  Ga. ,  measurement  of . . .     S06 
Colbert  Creek .  N .  C- ,  measurements  of . . .     213 

Cold  Oeek,  Cal. ,  measurement  of 405 

Coldwater  River.  Mich. .  water  powers  on .  255 
Colllns,T.S.,gaging8tationestablished  by.  155 
Colllnston.  Utah,    hydrographic   work 

near 413-414 

rating  table  for 521 

Colorado,  h y droyraphic  work  in 27H-279, 

a*0-2«2. 319-329, 346-349. 375-386 
rating  tables  for  streams  in.  517,518,519,520 

seepage  in 299-306 

stream  measurements  in,  miscellane- 
ous   300-306 

Colorado  River  at  Austin.  Tex. .  dam  on .  336-337 
measurements  and  gage  heights  of .  337-338 

volume  of 336.337 

Colorado   River  at  Yuma.  Ariz.,  gage 

heights  of ;»7 

Columbus.  Miss.,hydrographio  work  at.  174-175 
Columbus.    Nebr...  hydrographic    work 

near :»6  308 

Columbus.  Ohio,  hydroirraphic  work  at.  218-220 

I         rating  tables  for 515 

I  Comal  River, Tex., measurements  of...  3^)0.340 
Comstock  Creek.  Midi. ,  water  power  on . .      258 
!  Conasauga  Creek,  Tenn..  measurements 

'  of 218 

I  Conasauga  River,  Ga.,  and  tributaries, 

I  measurements  of 200 

Conejos  River,  Colo. ,  measurements  of. .     906 

seepage  along 806 

Conejos  River  near  Los  Mogotes,  Colo., 

measurements  and  gage  heights  of.     348 

rating  table  for 519 

Conn.  J.  C.  stream  measurements  by 148, 

306,207.208.210 

Connecticut, hydrographic  work  in 35-36 

Connecticut  River  near  Hartford,  Conn., 

gjige  heights  of 35 

Connecticut  Kivcr  at  Holyoko.  Mass.. ref- 
erence to 35 

Connecticut  River  near  Orford,  N.  H., 

gajfing  station  •  ai,  description  of. .        34 
measurements  anri  tcago  heights  of . . .       34 
Connick,  H.  D.  H.,  stream  measurements 

by 451. 452,480 

Consumne  River.  Ci\\. .  measurements  of . .      480 

Cooper,  J.  A,  aid  l»y 142 

Coopers  Crock,  Ga.,  measurement  of 218 

Coosa  Creek,  Ga.,  measurement  of 217 

Coosa  River  at  Lock  No.  4,  Ala.,  gage 

heights  of 165-166 

Coosa  River  at  I^ock  No.  5.  Ala.,  reference 

to  165 

Coowi  River  near  Riverside.  Ala.,  meas- 

uremt'iits  aud  ga^Jte  heights  of  ..  Iti4-165 

rating  table  tor 514 

Coosa  River  at  Rome,  (.4a.,  measurements 

and  gago  heights  of 163-164 

rating  table  for 514 

CtMJsa  River,  Ala.,  tributaries  of,  meas- 
urements of 210 

Coosawatteo  River  at  Carters,  Ga., meas- 
urements and  gage  heights  of  ..  161-162 
rating  table  for 514 


CboakWBttec  Rlrer.  Gil.  Bnd  trlbutarlee. 

CardoTB.AliL.hyilrogniplilciirorfeiiflir.  1TI-1?2 
CorD?|]UDlTeraltr.!BtKirBtorrt«lBAt...  SlSt 
CorttHof  EDBine^TK.  tTnilvd  SlalcaArTDr' 

BolmowledKiiieota  to li> 

ComJ  Ciwii.  Cal ,  measurement  or tOS 

CoHbr  Creek.  Tean..  nUMmmMaTi  Dt...  Z17 

Coo8'blln.T.H..ritrf au 

by - 3S3 

Cone  Creek, N.C'.meiuiiirementec* 300. 

Oowiche  Creek.  Wuh..  meoaarement  ot . .  US 

Coi.O.V.aliabr 182 

CoiCiwk.Fia.aiFasiiremeiiCof 3» 

CrabtriNt  Crwii.  N.  C.meMuretuentsof . .  21B 

Crsnborrj' Creek,  N.C-.meaHareiDent  at.  SIfl 

CraneCreok.G«.,m(«*nr«npul  or 918 

CrawfOTils  CrseK.  On.,  mMisurenient  of. ,  SOP 
Cns»y.  8,  W..  gagltiB  itation  mUblMwd 


Da  vU  Creek.  Oi 
Dkvldaoa  Hirer,  N.  C. 
DsytiMi  Creek. Mont., 
Dead  Bjrer,  HliJi.,  wstoi 
DeadmBD   Creek,  Kebr 
of 

DeopBlverat  Cnmnock.  N.C.,  mm 
mcataaod  gage  1ie1gbt«or.._ 

Dnep  Birer  at  Honcore.    S.    C„ 

heights  of.  1*9 

hnnepoirer  of.  available  dnrinc  UH  H 


Deer  Creek.  Oil. .  meHin 

Delaware  Hirer  at  LambertTl1l«.  H 

mmanremeDts  and  gi«e  belftB 

of  _ 

rating  table  for 

DeDinger.tS.C.hydrosTaphievorkat..  1 
Del   Norto,   Colo.,    hydrograpbtc   wtrt 


<ioootWy),  IMO 7^80      Dennis,  W.  a.,  aid  by 4 


Vailey  Creek.  Vs..  i 


Cab  River  at  FrankUn.  rdabo. 

meaoaiid  giiga  belghtsof 

rating  table  for 

Cnmnock,  N,  C-.  hydrcgraphlc  work  at 
Cnnoingbam.  P,  D,.  acknowledgments  lo. 
Current  Creek,  Utah,  foatnres  of.  andlrri- 


U0-(11 

iaa.137 


Deni-er.Colo,.hydrQgrspliic>Torkat...attJ 

rating  table  for I 

DescbuteH  BlTeracMoro,  Ores,  gaglnii 

Bt«linaon,ro(orenoeto I 

Devtla  RlTBr  at  DaTnttriTer,  Tbi..  omM- 
BremenM  and  | 

Dewey,  E.  P.,itr"am  tn 


icrlpUoii  and  i 

Canal,  S  Y  .. 
,  N.  C,  gasrlng 


rating  table  tor 

Dams,  tnilnre?  of.  causes  of 

Dan  Biver  at  Soalh  Boston,  Va.. 

helgbu  nud  meaaureiueii  tn  ( 

Danley.R.J.M.. stream  meaauremen 

DanTllle.Pa  .  bydrogrnpb[<'  wiirk  a1 

rating  Ubie  for _ 

Dark  Ridge  Creek,  Tenn.,  measnn 


Darls,  A.  P.,  gaglnn  ■! 


ii.L.H.,aiaiiy- 


<i,Ul,:»l,3M,3»,30e,2lO,!ll,SlS 


Dlcksoi 
DigBin; 

I  DllH.N.S..acknowledgmenteto... 

stream  measuremenla  by...  t 

Dlschargi'  mea-snremenla  tn  Nev 

Stat.'  fanaln  and  feeders,  n 

nf  nui1ilng,Bnd  C-Hlatodel 


.  14-15      Doe  Creek,  Tenn..  int«sore 


IjydrogTBphir  work  n1 


rehelgbuof »- 


rriiedby.      351      Dnwagiac 
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Page. 

>owiiinK  Creek,  Ga. « measaremen  t  of 200 

!>owi]LS,  J.,  aid  by 38 

■Drainage  area,  horsepower,  and  fall  of 

streama,  relation  between U 

Dndnaire   areas  of  streams   in   United 

States,  alphabetical  lifit  of 524-54^ 

Drake.  E..  aid  by 317 

Dredge  for  canals,  description  of 503 

Dressor.  A.,  aid  by 38 

Dablin,  6a..  hydrosraphic  work  near..  153-1.53 

rating  table  for 513 

DQchesnc  River  at  Price   road  bridge, 
Utah,   measnremente    and    gage 

heights  of 37a-374 

rating  table  for 519 

Dnkes  C?reek.  Oa.,  measarement  of 206 

Dnscan  Company,  aid  by 'oH 

Dangeness  River  at  Dnngeness.  Wash., 
measarements  and  gage  heights 

of 446-447 

rating  table  for 522 

DoDsbach  Ferry,  N.  T.,  gaging  station 

near,  data  regarding 38 

hydrographic  work  near 69-71 

Dnrango.  Colo.,  hydrographic  work  at.  383-384 

rating  table  for 530 

Da  Shane,  J.,  cited 254 

Datch Creek,  N.C., measurements  of 215 

E. 

Xigle   Pass,  Tex.,  hydrographic   work 

near 865-866 

bat  Aah  Creek,  Nebr. ,  measurements  of.     810 
Eut  Branch  of  Pith  Creek  at  Point  Rock, 

K.Y.,  measurement  of 89 

Esst  Canada  Creek  at  Dolgeville,  N.  T., 

discharge  of  (dally),  1898-1900  ....  57-58 
diversions  from,  measurements  of  . . .       56 

gaging  of,  methods  employed  in 55-57 

gaging  station  on ,  data  regarding 38 

measurements  of 39,56-57 

Bast  Fork.  N.  C, measurements  of 210 

East  Fork  of  Carson  River  near  Gardner- 

ville,  Nev. ,  gage  heights  of 399-400 

East  Fork  of  French  Broad  River,  N.  C, 

measurement  of 211 

East  Fork  of  Lake  Creek,  Utah,  measure- 

mentsof 373 

Bast  Fork  of  Little  Pigeon  River,  Tenn., 

measurements  of 217 

East  Tossantee  Creek,  Go. ,  measurement 

of 208 

Eaaton,  Pa. ,  stream  measurement  at 114 

Efficiency  of  streams 14 

Elk  Creek,  N.C.,  measurements  of 203.210 

Elk  Creek,  Tenn. ,  measurement  of 216 

Elk  Creek  at  Llneback,  Tenn.,  measure- 
ments and  gage  heights  of 184-185 

Elk  Creek,  Va.,  measurement  of 211 

Elk  Fork  Creek,  N.  C. ,  measurements  of . .     213 
Elkhart  River,  Mich. ,  water  powers  on . . .      255 
Elkhatchee  Creek,  Ala.,  measurement  of.     210  ' 
Elkhom  River  near  Arlington.  Nebr. .  dis-  { 

charge  measurements  and  gage  ' 

heights  of 809-310 


Page. 
Elkhom  Rivor  near  Norfolk,  Nehr..  meas- 
urements and  gage  hi*ii;ht«  of  . .  ;iO8-4)09 
Elko,  Nev., bydrogrraphic  work  noar. . .  395-396 

ratingtable  for 520 

Elk  Shoal  Creek.  N.  C,  measurement  of  .  214 
Elli  jay  River.  Ga. ,  and  tributary  of.  mean- 

urement.sof 209 

ElUs  Creek.  Tenn., measuroment  of 218 

Ellsworth,  Kans..    hydrographic     work 

at 31ii-317 

rating  table  for 517 

El  Paso.  Tex.,  hydrograi)hio  work  near.  352-353 
Elwha  River  at  McDonald,  WaHh., meas- 
urements and  gage  heights  of. .  447-448 

rating  table  for 523 

Embudo.  N.  Mcx.,  hydrographic  work  at.  350 
Empire,  Nev.,  hydrographic  work  near. .  4<)1 
Empire  State  Power  Company,  aid  by  . . .       38 

Engineering  News,  cited 71 

Engineering  Record,  cited 257 

Epea.  Ala..hydrc^rraphic  work  near 17.5-176 

Erie  Canal  aqueduct.  N.  Y. ,  paging  station 

on,  data  regarding 38 

hydrr)graphic  work  at 63-^ 

stream  measurement  at 39 

Esopus  Creek,  N.  Y.,  measurement  of 36 

Etowah  River  at  Canton,  Qa.,  measure- 
ments and  gage  heights  of 160-161 

ratingtable  for 514 

Etowah  River,  Ga. .  and  tributaries,  meas- 
urements of,  miscellaneous 206 

Evaporation  in  canals  along  Prove  River, 

Utah 601 

Executive  board  of  city  of  Rochester, 

N.Y.. cited • 67 

r. 

Pall  Creek,  N.  C. ,  measurement  of 206 

Fall  River,  S.  Dak. .  measurements  of 2T2 

Fall  of  streams,  drainage  area,  and  horse- 
power, relation  l)etweon.  on  North 

Carolina  rivers 14 

Fayette.  W.  Va.,  hydrographic  work  at.  181-182 

ratingtable  for 515 

Fayetteville.  N.  C,  hydrographic  work 

at 137-L38 

rating  table  for .512 

Feather  River,  Cal.,  measurement  of 480 

Fellows.A.L.,  acknowledgments  to 9 

stream  measurements  by . . .  280, 281, 283, 284, 
286. 287. 288. 289. 290, 321 .  32:1.  ,'B4. 325. 328. 347, 
348,  349,  .%8. 375.  :J76. 377. 378. 380,  382.  .383. 385 

Field,  J.. aid  by 133 

Fif  teenmile  Creek,  Va. ,  measurements  of.      214 

Finch.  L.H., aid  by 174 

Finkle,  F.  C,  acknowledgments  to 462 

First  Broad  River,  N.  C.  measurement 

of 206 

Fishdam  Creek,  Tenn. ,  measurements  of.      215 

Finher  River,  N.  C,  measurements  of 204 

Fitz  Gerald,  D., acknowledgments  to 33 

Flannery  Fork,  N.  C. ,  measurements  of  ..      210 

Flat  Creek, Ga.,  measurement  of 209 

Flat  Creek, N.C., measurements  of 212 


,  maMOTemeiita  ol 


niDKZ. 


■naUiead  L>ke  near  Holt.  Mont.,  gtge 
height*  of 

PUtlJwd  Lake  M  Polnu,  Mont.,  yage 
haiglits  ot. 

nBtShoa!BCre«k.l>a..ineuaremeDtof  . 
Hint  RlTer  at  Alliaay.  Oa..  Kage  belgbls 


gaging  nlBlioD 


PllntI 


IB  of. 


criptionsf  .. 
and  mi 
7.  Ga,.  I 


UH 


Frencli  Broad  Rlrer  uearAalie* 


and  gace  belghu 


t  Oldlows,  Tenn.. 


ot... 


meots  and  {[age  hetgliM 

rating  table  tor S18 

Bloat  rods.  comparlsoQ  of  cMirFent  meter 

and S0-2B 

meaaarementa  mad«  witb.  on   Erie 

Canal ffi.sa 

QsBof 18-80  !  Fnml»»,W. 

FlaodToltuneorKortbCaroUnBatTaams.        16 
Flyna.  B.  H..  gaging  statlaiia  eatabliahed 

by 230,321 


French  Druad  Rfver.  N.  C.,  and  trtboU- 
rles.  meanremeDts  at.  mlaceDaa*- 
ooa  _._..  m-M 

FrenchmaD  River.  Nebr.,  maa«arenN«l 

ot - -ittai 

FrlendHTllle,    Ud,.    hvdroKraiililc    irorl 

at ITt-MI 

rating  Uhla  for 

Front   Rofal.   Va..  bydroKTaphlo  work 

al_ _ _  IIUU 

Faller.  U.  W.,  gnoted  on  datermlBatiou 

'  turbidity  of  VBl«r IMl 


Fodder  (.^reek.Oa.,  ineaaarenient  of Si: 

Fogey  Creek.S.CmeaBarementfl  of  ...      SW 

Follett.  W,  W.,  apknowledymeotfto 3ii; 

Forge  Crtek,  Tenn..  measnrBinont  of ....      Slfl 
FoTk9.Waah..hydrograpblc  work  Dear.  U8-44e 


rating  U 


PorkHcreek.CDlo..b7droKraphlcW[n-kate8 


rating  I 


le  for. 


Fort  CoUlna,  Colo.,  hydrographic  work 

near WlSSe 

Port    DnchHna.    Cab,    bydTocnqiblo 

work  at 870-371 

raHng  Mble  for ,1111 

Fort  Edward.  N    i'..  gaging  atntlnn  at, 

dnta  reirardlng 3» 

bydrographic  work  at ^-78 

Btr«uii  meaBurament  at M 

Fort  Han 


QaRoey,  9.  C,  (oiglng  station  at 

Uaging  Btreama.  methods   employed  fm 

New  York  during  isno.. IT 

Oallacin  River  at  Logan,  Uonl..iB««ar» 

ments  and  gage  belgbis  of XH 

rating  table  for i 

Oap  Creek.  :f.  C.  meaaarement  of 

Gardner,rB.,atdhy  

Xev„  bydrogmphic  work 


day lordarille.  Cods.,  bydragraphlc  wirk 

at.... 
GtaromBl.B.O 

OefrgtB.hytii 


i48.iy>-i«,!>( 


..  bydrographic  work 


Sortier.  S,.  ackoowleilginpD 


Fox  Crtjfllt.  Va. 
mklin,  L 


J(C.2«3,2et.9)5 


bo.  by d  rograpb  Ic  work  at . 

TO  ting  table  for _ 

Frederick,  Md..  b  jdrograpblc  work  near 

rottntt  table  for 

Frederick.  Pa.,  bydrognipbic  work  nC. 

Freeman.  J.  R.  cited 

Freeman's  bridge.  !I.Y..  stream  meaann 


Promout.  Ohio,  bydrographic  work 

French  Creek,  8.Dak„niBaanremei 

Freccb    Broad    Rirer.    drainage 

borsepower.  and  falT  of,  rel 

between 

fork*  of.    ar.^  East,   Middle.   ^ 
Bonth,  and  Wert. 


Etering,  :<Bbr,,bfdrogr>iiblc  work  a1 
Qeroun  Creek.  »a..  measurement  of 
Qibhon.Oreg  .hydrourapliii;  work  a1 

rating  table  for 

[ilia  River  at  San  Carlw.  Ariz.,  nieu 
menta  and  gage  heights  of... 


Gilbert.  J. I. .aid  by __ » 

GladeeCreek.Qa., measurement  of W 

Olasgow,  Va.,liydrogranbic  work  at .....  If^ 

rating  table  for ill 

nien  Creek,  Mont. .meaenrement  of *> 

Ulendon    Bridgte,  Pa.,  >tream  a 


lU 


GlonParkBTldKe,N.Y..s 
Olens  Falla.  N.  Y..  meaem 


INDEX. 
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ooaf6llow,J..aidb3r 38 

oaben  Warmsprings  Creek,  Utah,  meaa- 

nrementof ^^ 

teaturesof «» 

irrigation  from 499 

>raden,C.O.,Aidb7 383 

3raff  ditch, Nebr.,  measurement  of 311 

>r»mltng.J.&,aldb7 1« 

JniiAda.  ColOb .  hydrographic  work  near.     3S9 

Orand  River. Mich.. features  of S3»-219 

gsge  heights  of 342,348-244 

giging  stations  on 241-342,346 

measurements  of 245 

water  powers  on 247-249 

Tolumeof 242 

Oraod  Biver  at  Glenwood  Springs,  Colo., 
measarements  and  gage  heights 

of __,,... 875-376 

rating  table  for 630 

Qnnd  River  at  Grand  Junction,  Ck>lo., 
measurements  and  gage  heights 

of.»..>-> -•••••••••-•  - - •-  376-377 

Gnod  Encampment  Creek  at  Peryam's 
ranch,  Wyo.,  measurements  and 

gage  heights  of 273 

nting  table  for 616 

Grand   Junction,    Colo.,    hydrographic 

work  at 376-,377 

Grand  Rapids,  Mich.,  water  power  avail- 

ableat 348 

GrudTiew,  Idaho,  hydrographic  work 

near 436-427 

Granger, Wyo. ,  hydrographic  work  near .     867 

rating  table  for 519 

OrBHy  Creek,  N.  C. .  measurements  of. .  212, 218 

Orares. E.  D.. acknowledgments  to 35 

stream  measurements  by 212, 215. 216 

Greasy  Creek,  Tenn.. measurements  of . .     218 

Great  Plains  Water  Co.,  reservoirs  of 330 

Greater   New    York,  stream   measure- 
ments near 'M 

Green    River,   Colo.,  stream    measure- 
ments in  l^asin  of 375 

Green  River,  N.  C,  measurements  of 206 

Oreen  River  at  Oreenriver,  Wyo.,  gage 

heights  of 386-367 

Oreenbrier  River  at  Alderson,  W.  Va., 
measurements  and  gage  heights 

of 178-179 

rating  table  for 515 

Oreenleaf,  J.  T.,  cited 251 

Oreenriver,  Wyo.,  hydrographic    work 

at 3rtrt-3rt7 

Grose  Creek,  Va. ,  measurements  of 214 

Grove  Creek,  Ga. .  measurements  of l^  i7 

Guadalupe    River,    Tex.,   measnrcmout 

of JilO 

Jnemsey.    Wyo..    hydrographic    work 

near 275 

rating  table  for r)l« 

lull  Lake  outlet.,  Mich. .  water  jKiwcrn  on     2r>^ 
fnnnison.     Utah,    hydrographic    work 

near 425-426 

rating  table  for 521 

^onnison  River  at  Grand  Junction.  Colo., 

measurements  of 378 


Gunnison  River  at  lola,  Colo.,  measure- 
ments and  gage  heights  of 378-379 

ratingtable  for 630 

H. 

Hall.  B.  M. ,  acknowledgments  to 9 

gaging  station  established  by r.)3 

I         stream  measurements  by 150, 

I  152. 15.'}.  154. 1.55. 158. 159.  IHO.  193. 307. 3118. 2U9 

.  Hall.  J.  R..  gaging  stations  established  by.     ]t)6, 
,  167.172,174 

stream  measurements  by 166, 

'  167.172.173.174.210 

I  Hall.  M.,  stream  measurements  by.  148. 149. 15i), 

151, 161. 163.  HV4, 168. 171. 192.  IW.  1I»5. 207, 308 

Hall. O.  P.,  gaging  station  ei^tablinhe'd  by .      191 

stream  m»»R9uremt»nts  by liil, 

162.11»l,30H.2Ol».LM7.L»18 
Hall.W.  E.. stream  moasurementfi  by  ..        "JiC 

2iih.lM7.218 

Halls  Creek.  Va. .  measurement  of 215 

I  Hancock  Spring,  Ter..mea«ureineiit  «>i  .'W 

■  Handy  ditch. Colo.. gage  heights  of 291 

Hanna  Spring.  Tex.. measurem»*nt  <  f  —  335 

'  Harden, F.S.. aid  by 38 

;  Hardesty,  W.  P..  stream   measnretiieiits 

by 415.416.418 

Harris  Creek.  Cal..  measurement  of 461 

Harris  Creek.  Ga. .  measurement  of 309 

I  Harrisburg.  Pa.,  hydrographic  work  at.  113-114 

rating  table  for 511 

I  Harrison,  C.  L. ,  acknowledgmentH  t«>  —  380 

'  Harroun, P.  E.,  acknowledgments  to 9 

'         stream  measurements  by 3!^ >.  .151 ,  352 

Hartford.  Conn.,   hydrographic    work 

near 35 

Hat  Creek.  Wyo. .  measurement  of 272 

Hatcher  Creek.  Tenn..  measurement  « »f . .  215 

Hatchett  Creek,  Ala.,  measurement  of . . .  210 

Havre. Mont.. hydrographic  w«»rk  ttt   —  267 

rating  table  for 516 

Haw  River,  N.  C.  drainnt;*'  area,  horf^o- 
I>o\ver.  and  fall  of.  I'elatiun  be- 
tween    14 

Haw  River  at  Mon<mre.  N.  ('..  mea*»ure- 

ment  of i;r 

Hawley.  R.  W.. stream mea.>*iirementrt  by.  2n1. 

2"vi.;tM.:tr>.336 

Hayues  Creek.  Ga.,moasuronie lit  of 207 

.  Hays. J. W. cited lo.ll.14 

Hazel  Creek. Ga..  measurement  of 208 

Hazen,  A.,  quoted  on  sediment  in  streams.  17 

Hebrew.S.aidby 284 

Hellgate  River.  Mont..measuromeiit  i^f..  4:12 

Helton  Creek.  N.  ( '..  mea.snrement-^  of 210 

Henson  Creek,  N.  (\,  measurement  nf. ..  212 
Hern(l«»n.  Cal..  hydroj^rapbi*'  work  at. .  l.V<-459 

ratintf  table  f(.»r 523 

Heron,  G.  M.  aid  by 146 

He.'*.se  Creek,  Tenn,  measurement  of 217 

Hiekmau,  W.  M.,  aid  by 313 

Hiekory  Level  Creek. Ga.. measurements 

of 207 

Hickory  Nut  Creek,  N.  C..  m»*asurement 

of 206 

Hlgdon.  C.  v.,  aid  by 191 


tSB 


lisgim  Lstr.  Midi.,  drklniie*  »rak  Mid 

Dgb  Line  cbdbI.  Colo. ,  toIdiiu-  of 

|]shSbu>l«C>Ml[.Oa. 

U^bsplrc.  I^,  atruiD  j 

UghtowiT  OMk .  (H. . 

nil,  W.  R..  nckDinrledBiiMnu  lo T* 

IlllabHCrv^kinu-AIeiiuiderCily.Alik. 
mi««ir«Bentii  uid  x*e>  heiRbu 
of ,.  13-173 

UwaMOH    Blver   St    Cbarleauin.  Trait.. 

of IBS 

nttlne  taUe  tor     S16 

P»Buca  BiTsr  at  Unrphf  N.  C  mau- 

tuwmenU  HDd  gBSebeichtaot..  lUVlftl 
rating  uble  tor.... 515 

arementawndesgehelgbtaor  .  IBl-lSS 

r*Ung  table  (or SIS 

[ImHea     River.  Qn..  sad   UiboMrle*. 

ine«BretG«Iinof .  iiiU»UuiaoiiB  H'SIS 
[obbte  Creek.  Uta^  teatarM  of.  and  Irrl- 

■atioalrom BaB-SIT 

[offnaD,  W.,  aid  bf 39 

(ogCrMk.Oa..  mMaOTCineiit  of SI' 

logUilet  Cteuk.  Va, ,  measnreiDeQla  of . . .  SIS 
logtroDsh Creek.  Va,,meuDreiDeDliof.  Sll 
loleooib  Bark,  Va.,  hydrogTapblo  work 

at... - ISt-lW 

tolUmi  Cmek,  N,  C,  mnuDrsoiant  of 3<B 

IbDow  Creek.6.  C  measnrvmanl  of SOT 

tollow  Poplar  Cr?ek,  N.  C  meaaom- 

813 

EottBof aw 

A-.ackiKnrtedgine&ta  to 9 

*Jo1t.  Mont., trrtrogniphi.-n-tirk  near..  43S-137 
Bol>-i:-ke.Mftas..byilr..cniylii?  wcTknt.  .        ^ 

Hood  River  at  Tocker. OreR., gaging  bU- 

lionon.refereoce  to M5 

Hooptr.     Wash.,     hrdr<«raphii'      work 

ratlnn  tablo  for 322 

Horse  Creek.  Xebr-.tneasarement  of 311 

Horse  Creek,  S.CnieaalireinentB  of  .     210,2JS 
Horsepower,  drainage  area,  and  tall  of 
streams,    relation     lietweer..    on 

North  Carolina  rlrers U 

Horton,R.E.,i.-ited 257 

report  by.  on  Grand  River,  Ulfh  .   .  3II>-S1W 
report  by,  on  loethodB  employed  in 
([attiug  New  York  at  reams  diiriug 

W*'        :iT-K 

FitreumiQ>.asuremenIBby    3U.4it,^,ei 

Hougbtun  Lake, Micb,,<1r«lnagearca and 

water  surface  of -Jil 

Hou»utoalc  Rirerat  Gsylordaville,  Conn.. 
mea.iurementB  and  gage  heigbts 

of  30 

Howell  D  r   aeknowledgmcntsto,,..  3»,43.Ti> 

Hubbard  Lake,  Mich.,  drainage  arL-a  of. .       Sr>3 

water  surface  of,  and  water  storage 

Hudson  Kivcr  at  Fort  Edward,  S,  Y„  dla- 

chargi^  of  idallyi,  IrtW.lftXi 70 


I  at  MfchaniCBTiUe. 


S.  1.. 


gasliw  slatloD  on,  data  regardl&g. . . 


BlVbea,S..aidbT 

Hnmbaldt  BiTer  tie«r  Blko.  Ker..  to 
orementa  and  ga^e  beiKbta  el 

HuDboldt  Riier  near   Gotconda.  St', 

rating  table  ftir __ 

Homboldt  KiTer  near  I.orekicka.  XeT_ 

cana^     dlTertin£     water     frova. 

meteHreisetttA  of -„.--...- 

Bumboldt    Birer    near    Oreaiui.    S«r„ 

meaauremcDtj  and  ga«e  beigbl* 


rating  table  for 
BnmpbrByi.  D.  C..  i 

gaffing  Btallona  «alabUiIiad  by.. 


'• 


table  tor , 
trth.  hydro 


aci„,Cal.„hydrogr. 

,.bit 

work 

at. 

3fB-aB 

ianLaker^se 

rvotr,X.y„daia 

of..- 
■egard 

311 

iau  River  at 

tM^n 

Lak 

e  dam,  S 
descripl 

V. 

3f 

tneasuremeutBut.. 

W.TV 

i.mpari-^u 

Ufa 

I 

n  and  appliualioD  ol 


rtcnutioDal  (Wusr)   Boundary  Com- 

minloD.hTdroKnphicirorbot.  3Ca-X7, 

]U.Colo,.liydra«Tapliic  workM sn-KS 

aU,Kiuia.  hydrogmpblr  work  new-.-  331-332 

ming  table  for  M" 

ronL'rTOk.S.Diil(.,mea8uri'inL'niBo(----     -^ 
jTigatloD  In  Utah  Vklley.UMb.femtnrH 

<a 4UB-SW 

lTTL<«CTMk,0«..DMMaraDieiitor Si; 

J. 

tackCMek.N.CmeuurBmontsur 213 

JifksRlrer.  Oa..  meunremenU  of SM 

jMkKin.D.D.,uid  Whlpi>le,a.C..ctteil-.  17 

jKknOT.W.L-.i^bi'...'. lot 

JaduunCrefk.'CkL  meuiDrementut.-..  Ml 

Juobi Creek,  Tenn.  ineuurumflntBuf---  Sli 
J»»»«BirBrntBnclinniu,  Vn.  ine«»ure- 

inpniB  and  J»(W  heights  of V» 

rst1!ii!  inUe  for  SIS 

Juua  Blver  at  CarUirarlIl<r.  Va..  meas- 

anm»uUttliil{Eil|jeJl<-l|fllt>i'jr..  12a-12U 

«llDKlmblB  for  ..-- il* 

JuDxEjTeratHolcomliS'ii't  Va.,  ga«o 

helyhtBar 130 

PWlDC  Btotlon  oa,  dHscrlptlua  ol  12> 

Juw.&.BtKammauiuremun»ljy     —     3M 

JwnttCrMk,K.C.,jnewuremi<utuf....     aM 

JifenoD  Btrer  «t  Bapplngton,  iiaat., 

maBiDremeuta  and  gage  belghta 


rUlDt  (aUe  f (V SU 

)<U;i  Farrr.  OaL.  hrdroaraphlc  work 

Bt WO-tol 

ladng  table  for SS3 

loniin  Creek.  O*.  meaanrementor  aw 

JimSdill;  BraDvb.Va..inGa«ureiiiFDtBor.  SU 
JtvtoGlvor.iMont.  meamrenieDtoI  .  tW 
JoOriy  Creek,  Cal.,meaenn?ment»o(.--  «B 
'tilm  Rlv«r  near  JlorKRn ton.  X  C   meaa- 

■      {BlwighUof..  I*i-H3 


■,  SC 


iOt... 


Joluuiia,  C..  i;a|[l[ig  statinii  establiabed 


br... 


138 


'TdIiiuod.  E.   D.,  atreatn 

by 310,311 

JoluulflwD,  N.  Y.,  KaglugBtatlon  at.  data 

rvgmrOlBtC 3» 

rivor  flour  near  (UWW 

JDDab  Crook,  Tenn..meiu[iraiaenu  of...  213 
Juiiea,  W  gngiDKalatloQ  eitablishedby.  M2 
JuiLrin.S  C.hjfdroeniplilc workat..  I«i-1B0 

rating  tablelor  TiLI 

Jailson.  W.  P  Bcknowledginiinta  to 3T 

JulAlinrn,  Colo,  hydrograpyc  workat.     2K3 

uli«tio,ii»,,bydroarrftphJo'wurkiiefti'  iji-iM 

ratlnutablafor  ..     51.1 

IuiicIloD.KaDS,.]iTdrogrBpblciTorkat.  aiS-Sl-l 

TitlDB  table  for  si; 

'iiniala  River  W  NewiKirl.  Pa-mcaaurB- 

luentyand  gage  LelgUtsot tl:!-ll.i 

ratlDg  table  tor .>11 

aiuperCreek,CaL,  meaaursnieataof...     4ia 


liim. 


Btrer.  Mich,,  Ka<<t  bclKbIs  uf, 

IWIKinil    3» 

mslnft  atatlon  •■Ktabllxhed  on sa 

vater  |K>wen  uu 3r.T-3M 

KnnuBs,  hydrogriiphlo  woi-k  In.  3:3-aai,;»i^a* 

rati  UK  ta  bios  for  atreaus  lu 91~,Mll 

tfanMs  River  at  L«-omptun.  Kau*.. 
ineoinramenu  nud  Kaice  helKhta 

»f alK-IIB 

mtlng  tabid  for 5U 

Kawwih  K  vtT,  t'al.,  meaanrenienu  of . .  -     MS 

KBlloy.ll™.W  H,.aidlir  ■»* 

Kella  Creuk.  Oo.,  and  irlbntary  of,  mi-aa- 

nremonta  of 2W 

KeUer.  P.  C.  acknowlBilgnieuU  to 4l», 

42TI.42l.4±!,ti3 

Kelwy  Creek.  CaUmewHirement  of US 

KeDnpbi>o  RIviT  at  WatBrville,  Mi-.,  db- 

charptuf^dailyl.  ISW.lBOO.  ai-K* 

Keutui^kj-ForkofXonhTouRlvor.S.C. 

iiioamirompnt  (it -13 

Keuwi«xl,  N  Y     fftk-llIK  Ktation  »l.  ilata 

rc^ardliiB  -1» 

bydrosm]>hIr  work  at 2%>  238 

Korn  Rlvor.  Cal..  meaanrcmunta  uf.  mi.<- 

ccllani-ouB its 

Kern  River  npar  Bnker-fli^ld.  Cal..  dls- 

tliHru"..rirbiilv  taUB 

Eem  iilvpT  I  ill  .III   I  ■!.  .  -ii.  .I'll  m(«aarB- 

]jj"]il-  ■■  «1-MS 

Kineald,  J.  W.aL.llij- lU 

Klnchatooneo  Cri^ek  near  Albnny,  (la., 
rsfereQco  to  propoeeil  maaauro- 
mantof 1S7 

KluBLYBek,  K.CmwwunimenCuf 211 

King  River.  Cal..  moaanremeuta  of.  mla- 

cellaneous 4«1.*SS 

Kinif  Rlrer  ntvtr  Klngnburs.  Cal..  gago 

hcightaot WO-tfll 

King  Rlv«r  near  Bed  Mountain.  Cal., 
iiiL'UNiitviiii'utn  HTid  gage  halgbts 

of MO-400 

rating  tablo  for.- 923 

Kingabarg,     Cal.,    bydrograpbic    work 

near lOMei 

Kioiia.Waeb.  hydrograpbic  work  nt...  US-«43 
rating  Uhle  at- 628 

Klickitat  River.  Dlamoud  Fork.  *-e  Dlii- 
mond  Fork  ot  Kiiekilat  Rlvor. 

KllckiWt  River  Gold  Fork.  «<■.-  Oold 
Fork  of  Klickitat  River. 

KuoxrlUe,    Teuri..    bydrugmpbli-    work 

at H13-1B4 

Kulcbllne.  F...  work  of.  in  conncotlon 
wltb  invoatluatiuiis  to  dctormlne 
Bow.HcoiMifti',  ami  tvaijoration  ot 
Sew  i-ork  atal..  canala  and  teod- 
ora- IB 

Lagrange.  Cal,.  bydroiirHpliU-  work  at .  4-W-1S8 
rating  table  lor B!B 

I.akoCI 


UTDEZ. 


561 


Pa«e. 
i,Utfth.h7drogTftphlc  work  near.  411-412 

mtinff  tmble  f or SSI 

flgui  Biver  near  Logan,  Utah,  meaaure- 

menta  and  gage  heights  of 411-412 

rating  table  for 531 

'jHo  Creek,  Mont.,  measurement  of 433 

[rfmgahatcbee  Creek,  Ala.,  measurement 

of 210 

Long  Ballet  Creek,  N.  C,  measurement 

of 217 

Long  VaUoT'  Creek,  Cal. ,  measurement  of .     453 
Eiookingglasa  Biver,  Mich.,  water  powers 

on 247 

Los  Angeles  Biver,  Cal.,  measurements 

of,  miscellaueous 482.483 

Los  Angeles  Biver  at  The  Narrows,  Cal., 

measurements  over  weirs  on . . .  464-471 
LosMogtnes,  Colo.,  hydrographic  work 

near 348 

rating  table  for 519 

Los  Moras  Creek,  Tex.,  discharge  meas- 

urementsof 344-;m 

Los  Pinos  Biver  at  Ignaclo,  Colo.,  meas- 
urement and  gage  heights  of..  382-343 

rating  table  for 520 

Lost  Creek,  Tenn. .  measurements  of 218 

Load  ditch,  Ga.,  measurement  of 208 

Lods  Fork  of  Yadkin  Biver,  N.  C,  meas- 

urementsof .-. 203 

Unp  Biver  near  Columbus,  Nebr.,  meas- 
urements and  gage  heights  of. .  306-307 
Lorelocks.  Nev.,  canals  near,  measure- 

mentsof 399 

Lover  Creek,  N.  C. ,  measurements  of . . .     205 

Lower  Rio  Orande,  gaging  stations  on . . .     354 

Lyons.  Cola,  hydrographic  work  near.  288-289 

rating  table  for 517 

M. 

McCalla.  R.  C,  Jr.,  ackDowledgments  to.      170 
McConnellsville,    N.   Y.,    hydrc^rraphic 

work  at 227-229 

HcCuskey,  A.  B.,  stream  meaBuroinents 

by 310.311 

McCUtchy,R.M..aldby ir3 

lfcConnellsville,N.Y., gaging  station  at, 

data  regarding 38 

McDonald,  Wash.,   hydrographic  work 

at 447-448 

rating  table  for 62:3 

McDowell.  Ariz. ,  gaging  stations  at,  refer- 
ence to .38d-;3S7 

^''•con.Ga.. hydrographic  work  at 155-l.')tj 

rating  table  for .')13 

McReynolds.O.Cworkof 330.321 

*^i9on.  S.  C. ,  hydrographic  work  near . .      1 49 

rating  table  for 513 

**dl!Jon    River    near   Rod  bluff,   Mont., 
measurements  and  {^age  lieifrhtA 

of 2«3-2i>4 

rating  table  for Mii 

**ln  Prong  of  Little  River,  Tenn..  mea»- 

nrementHof. 217 

**iiie.  hydrographic  work  in  20-:K 

*^e  River.  Idaho,  gaging  stations  on, 

reference  to 42i} 


Page. 
Mancofl  ^iver  at  Mancos,  Colo., measure- 
ments and  gage  heights  of 384-386 

Manhattan,  Kans.,  hydrographic  work 

near 317-318 

rating  table  for 518 

Manti  Creek  near  Manti.  Utah,  measure- 
ments and  gage  heights  of 424 

Maple  Creek,  N.  C. ,  measurement  of 205 

Maple  River,  Mich. .  water  iwwers  on 249 

Mapleton,    Utah,    hydrographic     work 

near 41.'>-416 

Marett,E.,aid  by 368 

Margneretta  flume.  Tex.,  measurements 

and  ga«e  heights  of 340-361 

Marshall, Colo.. hydrographic  work  at.  286-287 
Martin  Creek.  N.  C. .  measurements  of ... .      213 

Martis  Creek. Cal.. measurements  of 405 

Marx, CD.. reference  to 464 

Maryland,  hydrographic  work  in 1 15, 

117-118. 121-125.17IV-177 

rating  tables  for  streams  in 511. 512. 514 

Mason's  ranch,  Nev.,  hydrographic  work 

at HlV»-397 

rating  table  for 520 

Massachusetts,  hydrographic  work  in.  32-34,35 
Masten    ditch,  Cal.,  measurement  and 

gage  heights  of 4rj8-409 

Mather,  E.,  reference  to 113 

Matlock,  8.  M.,  acknowledgments  to 281 

Matthes,  F.  £.,  stream  measurements  by.  2^9 
Matthes,  G.  H..  stream  measurements  by.    269. 

270 
Mattoax,  Va.,  hydrographic  work  at...  128-127 
Maumee  River   near  Watervllle,  Ohio, 
measurements  and  gage  heights 

of 23i» 

Meat  Camp  Creek.  X.  C.  mea.suremonts 

of 210 

Mechanicsville,  N.  Y.,  gaging  station  at. 

data  regarding 3m 

hydrographic  work  at 77-79 

stream  mea.«(urements  at 3y.  72 

Medicine  Crevk,  Nebr  .  mfa*.iiremont  of.  ,'311 
Meighan.  J.    F..   stream    nioasnremonts 

by 2.'»«>-i)7 

Melton,  C.  E..  aid  by l.>9 

Merced  River.  Cal..  measurement**  of 4^1 

Merrimac  River  at  I.4iwrenoe,  Mass..  din- 

<.-barg«*  <jf  (daily! :i2-33 

Mexico.  Ohio.  hydrographi<-  work  near..      221 

Meyer.  H.,  aid  by 38 

Michigan.  hy<lrograiihi<' work  in 2:)0-2»K) 

Middle  Creek  near  Rozeman.  Mont. .  uie.-is- 
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poUkan  Rirer  near  Superior,  Nebr., 
measareniento  and  gage  heights 

of... SliWW 

nea.  Oa..  liydrograpbic  work  at Itt^-liR 

rating  table  for 514 

treat,  Pa. ,  stream  measurement  at 1^0 

iford  Flats,  N.  Y.,  gaging  station  at, 

data  regarding 3s 

bTdrographic  work  at 66-4S9 

»  Creok,  Mich. ,  water  power  on :2r>8 

Idle  Creek,  Tenn. ,  measurements  of . . .     21 5 
Ige  Mills,  N.  Y..  gaging  station  at.  data 

regarding 38 

rirer  discharge  at 43-4o 

•tream  measurements  at 39 

Bj.R.aidby 329 

con,  Cal.,  hydrographic  work  at  and 

near 478-479 

Qrande.  gaging  stations  on  Lower. . .      354 

physiography  of 346 

Grande, N.  Mex., hydrographic  work 

at ViO-a'Sl 

Grande  at  Cenicero.  Colo.,  measure- 
ments and  gage  heights  of 348-349 

rating  table  for 619 

Grande  in  Colorado,  measurements 

of ,  miscellaneous 306 

ieepage  on 306 

Grande  near  Dei  Norte,  Colo.,  meas- 
urements and  gage  heights  of 347 

rating  table  for 519 

Grande    near    Derilsriver,    Tex., 
measurements  and  gage  heights 

of 864-386 

Grande  near  Eagle  Pass,  Tex.,  meas- 
urements and  gage  heights  of. .  386-866 
Grande  near  El  Paso,  Tex.,  measure- 
ments and  gage  heights  of 362-368 

Grande  at  Embudo,  K.  Mex.,  meas- 
urements and  gage  heights  of 360 

Grande   near  Fort  Hancock,  Tex., 
measurements  and  gage  heights 

of 354 

Grande  near  Langtry,  Tex.,  measure- 
ments and  gage  heights  of 357-358 

Grande  above  Presidio,  Tex.,  meas- 
urements and  gage  heights  of 355 

Grande  below  Presidio,  Tex.,  meas- 

urcmients  and  gage  heights  of . .  356-356 
Grande  at  Rio   Grande,    N.  Mex., 
measurements  and  gage  heights 

of 350-361 

Grande  near  San  Marclal,  N.  Mex., 
measurements  and  gage  heights 

of 351-352 

erside,     Ala.,     hydrographic     work 

near 164-165 

rating  table  for 614 

erside  Bridge,  N.  Y.,  stream  measure- 

mentat 39 

erton^Va.,  hydrographic  work  near.  118-119 

rating  table  for 511 

A    Creek,  Tenn.,   measurements  of, 

mlsoellaneous 216 

a  Creek  at  Butler,  Tenn.,  measure- 
ments and  gage  heights  of 184 


rage. 
Roanoke,  Va..  hydrographic  work  at ..  l;)i)-131 

rating  table  for 512 

Roanoke   River,   drainago  area,   horse- 
power, and    fall  of,  relation  l>e- 

tween 14 

flood  of,  maximum,  1897 15 

Roanoke  River  at  Neal,  X.  C,  nieasuri'- 

ments  and  gage  heights  of 132 

rating  table  for 512 

volume  of,  maximum  and  minimum. .      131 
Roanoke  Rivur  at   Roanoke,  Va.,  meas- 
urements and  gage  heights  of  . .  130-131 

rating  table  for 512 

Roaring  Creek,  N.  C,  measurement  of  ..      212 

Roaring  Fork,  Colo.,  measurement  of 376 

Roaring  River,  N.  C,  measurement»  of .      204 
Robersons  Creek,  N.  C,  measurement 

of 2116 

Robinson. T.  A.,  aid  by 148 

Rochester,  N.  Y..  measurementb  of  Erie 

Canal  at 21-23.24-25 

Rock  Creek   at    Zoological  Park.  D.  C, 
meoHuremeut    and  gage   heights 

of 125-126 

Rock  Creek.  Gsl..  measurements  of 209.218 

Rock  Creek,  Mont ,  measurement  of 432 

Rock  Creek,  Nebr,  measurement  of 311 

Rock  Creek,  X.  C,  measurements  of 213 

Rock  Canyon  Creek,  Utah,  measurement 

of 499 

features  of 609 

irrigation  from 499 

Rockford  Bridge,  X.  Y.,  stream  measure- 

mentat 36 

Rockhill  S.  C ,  hydrographic  work  at..  144-145 

rating  table  for 512 

Rockhouse  Creek,  N.  C,  measurements 

of 216 

Rockyford,    Colo.,    hydrographic    work 

near 327 

Rocky  River,  Mich.,  water  power  on 255 

Rogue  River,  Mich.,  water  powers  on..  247.249 

Rollins,  J.  A.,  aid  by 136 

Rome,  Ga.,  hydrogrraphir  work  at 16:3-164 

rating  table  for 514 

Rome,  N.  Y.,  stream  measurements  at...       39 
Rumford  Falls,  Me.,  discbarge  of  Andros- 
coggin River  at 31-32 

Rush  Creek,  Va  ,  measurements  of 214 

Russell,  W.  Q.,  acknowledgments  to 9 

stream  measurements  by 314, 

315,316,318,330.331,332 

S. 

Sabael,  N.  Y. ,  stream  measurement  at 39 

Sacramento  River,  Cal.,  measurements 

of,  miscellaneous 480 

Sacramento  River  at  Jelly s  Ferry,  Cal., 
measurements  and  gage  heights 

of 450-451.480 

rating  table  for 523 

Sacramento  Valley,  Cal. ,  stream  measure- 
ments in,  miscellaneous 480-482 

St.  Clair  Creek.  Va..  measurements  of  —     214 

St.  Joseph  River. Mich.. features  of  ....  263-256 

gaging  station  established  on 256 
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Xaiy  River.  Uonl. 
Psi]i,Mian..hydrogTitiihic  work 
Vi-iiQ  CrsBk.  C'ol. 

mlscellaUMiiu 30* 

eBep«Bo»l»ng 3W 

Vnln  Cr«ek  n«r  Lycau.  Colo,.mMB- 

uremmita  BDd  |[>ce  Iwlibtaof --  E«8-S^ 

rutin*  tshlB  tor  S[7 

Lem   Pond,  [It«b.  diccluirge  meaaare- 

montol tUU 

ItiigtMoa  tTom »W 

learlUe.    Ucmt.,    hrdrosrspblc    work 

ratios  Mblrfor Mt 
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illDm,  rtab,  bTdrocrapblc  work  ntaz-  lSS-4» 
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nwats  ftod  giw^  belsbta  of  KB-tSi 

aJlDu.CAL.brdroKrapblc  work  Danr.-  Ul-US 

mtlng  table  (or SSI 

Ma»a  BlTer,  CaL ,  meuarepMataof.  ml*- 

wUaneoas 481 

Mloaa  RlTcr  near  Sallna*.  Cal. . 
meDti  aud  ssge  hatchta  < 

rating  lablo  (or 

iKlitia  River  nsar  StdlQk,  Kftna . 

Diciitiaiidgacelwl^taor- 9U-^U 

rattntr  tabls  fur _ S17 

tellsbarr.  N  C.bydrograiihleworkat.  IW-llO 

rstltiKt«bl«faF Ul 

BilmoliCrM]t.Dd..mMnraMOM(l«— .     MI 
Salmon  Rlr«r  above  Palaskl.  V.  Y..  eaffo 

paging  station  (in.  J Bt«  rcgaril ins  3- 

SiUtCrvek.  Nfbr.,  mnuun-meutor  :<1l 

Bait  Creek.  Wyo..  mea^nrementa  of.....        -jr.S 
Salt    Lake,    I' tab,    brdrograpbli-    work 

6iat  River  at  McDowell.  Ariz.,  gating 

Salads  Rlter  at  Waterloo.  8.  Cmeaflim- 

menlaand  gage  twigbtaaf 117 

rating  table  tor  Sia 

Ban  Antonio  Biver.  Colo.,  meaanreineiils 

Ban  Anconlu  Rivar.  Tex.,  measuremeutB 

of  3W-311 

nndargroiind  water*  of Wl 

Ban   Carloa.   Arii..  faydrogrmphlo    work 

at Mi-3» 

rating  table  for XO 
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wellaandpnoipineplantdof....  iK-tim 
BanduakyBiverat  Fremont,  ObK  meas- 
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fiUiay  Hnab  Crack.  X.  C. 


ntling  Uble  for O 

San  Joaqnln  Valley^  Cl^,,  atreatn  nifla» 

nrenunla  in,  ml^nllaneoiu tfMA 

Sao  Joan  Rlver.Colo..  rvatarea  of Xl-M 

gaging  Htalioni  Id  twain  of. _. Xl-M 

San  LqIb  Rvy  Rlrer.  Cal..  gaging  record! 

of.  refereoce  to Ct 

San  UarclB],N.Uex..brdragrapbic  work 

San  liarow  Bin 
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diH'harguof  ldailyMI«tt-l«a 4.--W 
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Savage.  H.  S.,  well^conatmctlon  mfthods 

of WT-WS 

SaTBtinali  River  at  Augoata.  Ga. 
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KalsBuKOo  Rirer,  Micb., 


INDEX. 


9«nth  t 


acU  of  Pot. 


3  SWe 


.  ll«-in      Soot: 


MptiDgfleld.    W.     Vo,,    iD«a« 

rneoti  and  en^  helvbta  nf  ... 

Sonta  Branch  ol  ShunKudoah  Rire 

udsBge  heighUaf IIS-ISO 

SoDth   Brood  Blver.  On.,  maMDremeat 

of _ _ aor 

BtiutbCktiron  dltofa.Cola.miBi«arement8 

of SU 

South     CarolInH.    hrdrninvplilc     work 

in - 1*4-1«1,  IW-IBO 

rallns tnblMforBtrcBmslu HS,S14 

Boulh  Dakola,  hydrograpbic  wurk  In..  ZlU^Si 


paOitTO  Appalachlaii  reBion.KKsing  bIa- 
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:  of  Elk  Creek.  N.  C I 
niBnta  of 
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Sun  th  Platte  RlTBr.  CoIa.~Nebr..  i 
I  metils  of.  miKellaneoiu    SM.gaMRI 

I  wvpags  along WBA 

I  Sonth  Platte  Hirer  at  Dourer.  Colo-,  meo- 

DTcments  and  gaKe  helglita  of. .  XU 

I  rating  table  for 1 

I  Sonth  Platte  RItct  at  JnleahnrB.  Colo., 
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South  Prong  of  Paolhor  Crwk.Oa.  meaB- 

orementof 

Soath  Salad  a  Creek.  N.  C  and  OitntU- 


SowbelEy  Creek,  Nebr..  meaaurMnentoT-    t 
SpanlHh  Fork.  Utah.  mcasaremeDt  of...     I 

teainroaof.andlrriitstiQnfiUDi.  (M.SDW 
SpaDlsb  Fork  near  Mapleton.  UUh.  meai- 

urementn  and  gage  height  of.. .  I1M 

Spicer.  L.  E..  aid  by _ ! 

Spokane  River  at  Spokane.  Waeb.,  dum- 

nrementaand  gage  lieigbti  of-  UN 

rating  table  for i 

Spriggi  Creek,  Oat.  meaanrsiauila  of. —    I 
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flrriuc  Cr«'k,.S,Dak,.i 
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Page. 
llmiii,F.P.,8trMuniiifla8iirementb7...     290 

llMlCMek.N.C.,meaBnrementof SU5 

IMtOD,  Pft. .  stream  measurements  at . .     Hi 

Mekoa Creek, Oa., measurement  of 206 

ltoirart,J.T.,stream  measurements  by.     272 

itink  Creek.  Ga. ,  measurement  of 217 

todoide  Bearer  Creek,  Wyo..  measare- 

menuof 272 

tokes,  H.   G.,   stream    measurements 

bj 208,217,218 

tone  Monntain  Creek,  Gki. .  measurement 

of 307 

:oiiey  Creek,  Gal,,  measurement  of 480 

0Q7  Creek,  N.  C. .  measurements  of 20(3 

0D7  Creek,  Tton.,  measurements  of 21tt 

out, 0.  v.  P., acknowledgments  to 9 

giffing  sUtioos  established  by 270,271 

stream  measurements  by 270. 

271.308,309,810.311,312 
"awberry  Creek,  Utah,  measurements 

of 374 

"eam  gagings,   method  of  using,  for 

computation  of  water  power 10-15 

irdeTant,   Ala.,   hydrographic    work 

near 167 

:hes  Creek,  Ga.,  measurement  of 218 

Ibnry    BItst,    Mass.,    hydrographic 

work  on 33 

run-off  in  basin  of 34 

car  Creek,  Ga.,  measurement  of 200 

nach  Creek,  Ga.,  measurements  of 200 

nmit  Creek.  Utah,  maasnremenu  of.  480,fi00 

irrigation  from 480 

Mrior,    Nebr.,   hydrographic     work 

near 812-313 

an  RiTer  near  8usanyllle,CaI., meas- 
urements and  gage  heights  of 406 

anna,  Ala. .  hydrographic  work  near .  166-167 

rating  Uble  for 514 

anvil]e.CaL .  hydrographic  work  near .     408 
quehauna  River  at  Harrisburg,  Pa., 

measurements  and  gage  heights 

of 113-114 

rating  table  for 511 

m  Creek,  Mich. ,  water  powers  on . . .  255, 258 

m  River.  Mont.,  features  of 134 

in    River    near   Holt,   Mont.,  gage 

heights  and  measurement  of  . . .  436-437 
umanoa  Rlver.N.  C. ,  measurement  of .  21 1 
wtwater  River  at  Sweetwater  dam, 

CaL.reoords  of,  reference  to 479 

mdsen,  G.  L. ,  acknowledgments  to 9 

gaging  stations  established  by 412 

stream  measurements  by 409, 

410.411.412,413 
30  Creek.  Tenn . ,  measurement  of ... .      218 


T. 


oe.CaL. hydrographic  work  at 4(t3-408 

rating  table  for 520 

a  Creek.  Ga. .  measurement  of 209 

aferro.R.M..aid  by 133 

dng  Rock  Creek,  Ga..  measurement 

of 200 


Page. 
Talladega  Creek.  Ala.,  meaHurement  of, 

at  Kymulga.  Ala 210 

Talladega  Creek  at  Nottingham.  Ala., 
measurements  and  gage  heights 

of 178 

Tallapoosa    Creek.  Ala.,    measurement 

of 210 

Tallapoosa  River  near  Milstead,  Ala., 
measurements  and  gage  heights 

of 188 

ratingtable  for 51i 

Tallapoosa  River  near  Sturdevant,  Ala., 
measurements  and  gage  heights 

of 167 

Tallapoosa  River  near  Susanna.  Ala., 
measurements  and  gage  heights 

of 166-167 

rating  table  for 5U 

Tallapoosa  River,  Ala.,  and  tributaries, 

measurements  of.  miscellaneous. .      210 
Tallesschatchee    Creek,   Ala.,  measnrc- 

mcntof 210 

Tallulah  Fails,  Oa.,  hydrographic  work 

at 148 

rating  table  for 518 

Tallulah  River,  Ga.,  measurement  of, at 

Burton.Ga 806 

Tallulah  River  at  Tallulah  Falls.  Ga., 
measurements  and  gage  heights 

of 148 

rating  table  for 518 

Tanner,  C,  gaging  stations  established 

by 423,424.425 

stream  measurements  by 423, 424. 425 

Tar  River,  N.  C,  drainage  area,  horse- 
power, and  fall  of,  relation  be- 
tween         U 

flood  of .  maximum,  1897 15 

Tar  River  at  Tarboro,  N.  C,  gaga  heights 

and  measurements  of I:i4-i85 

rating  table  for 612 

volume  of.  maximum  and  minimum  .      134 
Tarboro,  N.  C,  hydrt>graphlc  work  at. .  131-136 

ratingtable  for 51)8 

Tates  Creek.  Oa.,  measurement  of 208 

Taylor,  C.  V.,  stream  measurements  by  . .      405 

Taylor.  L.  H. .  acknowledgments  to 9 

gaging  stations  established  by 3B5, 

400,407,408 

stream  measurements  by 395, 

•.m,  :)»7, 398. 408, 404, 406, 407, 408 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geolocucal  Survey, 
Division  of  HyDROGRArHY, 

WashingUm,  D.  C. ,  April  12,  1901. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  by  Prof. 
Israel  C.  Russell,  of  Ann  Arbor,  Michigan,  relating  to  the  geology 
and  water  resources  of  Nez  Perce  County,  Idaho,  for  publication  in 
the  series  of  Water-Supply  and  Irrigation  Papers.  This  is  the  result 
of  the  examination  conducted  during  the  field  season  of  1900.  The 
facts  obtained  have  considerable  value,  not  only  in  the  development 
of  water,  but  also  in  obtaining  a  knowledge  of  the  other  re^ource^s  of 
this  important  area.  The  details  and  descriptions  have  increased  the 
length  of  the  manuscript  to  such  an  extent  that,  in  order  to  conform 
with  the  terms  of  the  law  restricting  the  pamphlets  to  100  pages,  it  is 
necessary  to  divide  the  material  into  two  portions,  the  first  or  pre- 
liminary part  relating  to  the  geology  and  physiography  of  the  area, 
and  the  second  part  taking  up  the  water  supply  and  other  economic 
features. 

Very  respectfully,  F.  H.  Neweij., 

Ilydrographer  In  Ch<ir(jt\ 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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GEOLOGY  AND  WATER  RESOURCES  OF  NEZ  PERCE 

COUNTY,  IDAHO. 


PART  I. 


By  Israel  C.  Russell. 


LOCATION  AND  GENERAL  CHARACTER  OF    REGION. 

An  investigation  of  the  geology  of  Nez  Perce  County,  Idaho,  was 
^tuide  by  the  writer  during  the  summer  of  1900,  with  special  reference 
to  the  possibilities  of  obtaining  artesian  water.  Field  work  was  car- 
ied  on  from  July  4  to  September  11,  and  examination  was  made  of  as 
Huch  of  the  county  lind  adjacent  country  as  time  permitted.  In  the 
kbsence  of  a  satisfactory  topographic  map,  however,  only  what  is  under- 
tood  as  reconnaissance  work  could  be  done,  and  without  such  a  map 
t  is  also  difficult  to  make  a  detailed  and  accurate  presentation  of  the 
acts  observed.  For  these  reasons  this  paper  should  be  considered  as 
imply  a  report  of  progress,  and  not  a  complete  and  detailed  geologic 
urvey  of  the  region  visited  and  studied. 

Nez  Perce  County,  as  is  shown  on  PI.  I,  is  situated  in  western  Idaho. 
[tis  bordered  on  the  west  by  portions  of  Washington  and  Oregon,  and 
iie  dividing  line  between  these  two  States  if  prolonged  eastward 
¥Ould  cross  the  county  about  10  miles  from  its  southern  boundary. 
4j8  will  be  seen  on  the  ai^companying  geologic  sket^'h  map  (PI.  II),  the 
western  border  of  the  county,  to  within  about  4  miles  of  Lewist^n,  is 
narked  by  the  middle  line  of  Snake  River.  The  other  portions  of  the 
wundary  need  not  be  described,  as  they  are  indicated  on  the  map 
referred  to,  but  it  will  be  convenient  to  bear  in  mind  their  relations 
to  certain  conspicuous  topographic  features.  A  part  of  the  southern 
tx)undary  is  formed  by  Salmon  River,  and  another  part  by  Lawyers 
Creek,  while  the  eastern  boundary  is  determined  by  Clearwater  River 
tnd  the  South  Fork  of  the  same  stream.  Each  of  the  streams  just  men- 
tioned, and  also  Snake  River  throughout  the  portion  of  its  course 
ihown  on  PI.  II,  flows  in  a  canyon  2,000  or  mor^  to^t  d^^^  €0  thajt 
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Iroughout  much  of  its  pounw  the  iKjniidarv  of  the  county  o 
rith  strouifly  pi-onounced  features  in  the  relief  of  the  laiid. 
Thu  approximate  area  of  the  county  is  1,3^5  square  miles — iwiiievrtM 
ll^r  than  that  of  the  State  of  Rhtxle  Island.  It  is,  however,  one  a 
Qe  smaller  of  the  twenty -one  counties  into  which  Idaho  is  divided^^ 
lio  main  portion  of  the  county  liew  between  latitude  W  and  40- 
[.,and  betweenfcnfjitude  llti'-  and  117'  W.  The  county  i*«it  is  Iai"* 
ya,  which  has  a  population  of  ^,4^5  and  is  Hituated  on  its  westori> 
order,  at  the  junction  of  Clearwater  River  with  Snake  River.  Lewis- 
yn  is  connected  with  Clarkaton,  Washinjjt-on,  on  the  west  side  of  Snat* 
Sver,  by  a  tine  steel  cantilever  bridge.  These  two  towns,  frequently'' 
«Bignatcd  Lewiston-ClarkHton,  have  a  joint  population  of  4,000- 
tere  are  also  many  villages  and  hamletft  stuttered  throughout  th«? 
Dtinty  and  over  the  adjat-cnt  country,  more  especially  to  the  east  ancS 
torth.  and  isolated  farmhouses  and  settlers'  cabintj  are  nunieroui*.  Tbes 
opulation  of  the  county  is  13.74.S.  Agriculture  is  the  chief  industry- 
An  examination  of  any  rei^ent  map  of  the  New  Northwest  will  show 
oat  branches  of  the  Northern  Pacific  Railroad  and  of  the  tracks  of 
ae  Oregon  Railway  and  Navigation  Company  extend  into  N^k  Perce 
bunty  and  the  country  adjat'ent,  and  t4«rminaU>  without  making 
jrough  connections.  These  branches  of  two  great  trunk  railrooil  sys- 
3ms  aiiggost  at  once  that  the  newly  settled  region  which  they  inmdi' 
lH8  something  that  invitei^  capital,  and  it  will  he  found  that  tht^  uttrac- 
ion  which  has  drawn  the  steel  bands  through  profound  caiiyuns,  acrostj 
road  plateaus,  and  over  rugged  mountains  is  nminly  wheat.     No  donM  1 

it  will  he  11  siiqirisi'  to  inany  nf  my  n.'iidi'rM  In  Ic^uni  thiit   th.>  (':istcrn 

portions  of  \Vjishin<;f<in  iind  Oivjrnn,  with  an  jidjai-fnt  strip  of  country 

in  Idaho.  pr<HUi<-c  iinnually   fioiii  .^ll.niKl.nOd  to  fld.Mnd.CHIo  bushels  of 

wheat,  as  well   as  i-onsidenible  i|iiiintiti('s 

and  nipidly  jfrowing  industrv  is  lnisc(i  . 

the  soil  and  the  favorable  diniatii-  conilitii 

as  will  be  shi>wn  later,  bsus  resulted  fi'orn 

of  certiiin  widely  spread  voK'unic  rocks.  :i 

tility.     Tlieclimutc.iilthoiitdi  inniiiuyrcs 

pursuits,  is  not  all  thai  niighr  lie  desiied. 

her,  winter  and  sunnncr;  or,  tn  use  Tuor 

season  and  a  drj'  season.     The  winlors,  in 

and  canyons  and  on  the  lower  plateaus,  a 

the  ground  for  more  than  a  few  days  at  a  I 

is  pi-evalent,  and  practically  all  the  niiii 

time.     It  is  stated  that  the  unly  "zero  ■ 

within  the  last  ten  years  or  longer  occur 

the  temperature  during  ntu'  niglil  fell  to  tj  hclow  zero;  the  next  cold- 
est period  was  in  January.  1SH1>.  when  the  tlu'rnioineter  registered  l'Jl~' 
adore  zero.     On  the  higher  platt-aus  aiitV  iwounUuiM^,  «\,  \\\  ^envml,  at 
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elevation  of  2,000  or  more  feet  above  Lowiston,  equivalent  to  an 
deTAtion  of  3,000  feet  above  the  sea,  the  climate  throughout  the  year 
is  cooler  and  more  humid  than  at  lower  altitudes,  and  in  winter  the 
cold  is  frequently  severe  and  the  snow  deep.  In  the  Bitterroot  Moun- 
tUQS,  to  the  east  of  Nez  Perce  County,  the  marks  made  on  the  trees 
in  winter,  known  as  '*  snow-shoe  blazes,''  arc  from  15  to  20  feet  al)ove 
the  ground,  and  show  that  the  snow  .accumulates  to  great  depths. 
These  mountains  are  densely  forest  covered,  are  uninhabited,  and 
judging  from  the  nature  of  the  vegetation  the  climati*.  is  cold  and  the 
precipitation  abundant.  Between  the  two  extremes  in  elevation, 
oamely,  the  canyons  and  lower  plateaus  and  the  truh'  mountainous 
portions  of  the  country,  there  are  certain  broad  plati^aus,  such  as  the 
one  to  the  north  of  Clearwater  River,  termed  in  this  pai)er  the  Union- 
town  Plateau,  and  the  Cama.s  and  Kamiah  prairies,  whi<»h  have  surface 
elevations  of  about  3,000  feet  and  are  intermediate  in  climatic  condi- 
tions between  the  extremes  just  referred  to.  The  winters,  although 
polder  than  at  lower  elevations,  are  not  severe;  snow  remains  on  the 
ground  several  weeks,  but  seldom  atfords  good  sleighing,  and  the  niin- 
fall  is  frequently  heavy.  During  the  long,  clear  summers  the  days  are 
bot,  but  the  nights  are  always  cool. 

The  most  populous  portions  of  the  region  are  thus  without  the  cold, 
-lear  winter  weather,  with  the  land  snow  covered,  which  forms  so 
'haracteristic  a  feature  of  the  States  in  the  same  latitude  on  the  eastern 
ide  of  the  continent.  On  the  contrary,  the  open  winters  of  western 
daho  and  of  adjacent  portions  of  Washington  and  Oregon  are  ("harac- 
erized  by  frequent  changes  from  frost  to  thaw.  The  air  is  frequently 
lamp  and  cjiilly,  and  much  of  the  time  the  roads  are  all  Imt  impassable, 
>n  account  of  the  deep  nuid.  The  sunuuers  are  long,  and  in  tlie  can- 
nons and  on  the  lower  plateaas  the  heat  at  times  is  intense,  the  ther- 
Qometer  frequently  registering  100^  F.  or  more  in  the  shade.  Owing 
othe  dryness  of  the  air,  however,  this  extreme  heat  is  less  oppressive 
ban  a  much  lower  temperature  would  be  in  more*  humid  lands.  Dur- 
ig  the  summer  hot  winds,  the  equivalent  of  the  warm  chinook  winds 
f  winter,  also  occasionally  occur,  which,  particularly  on  the  lower 
lateaus,  sometimes  wither  the  green  gniin  in  a  f(nv  hours  and  clause 
reat  losses}.  During  the  heat  of  the  summer  the  soil  is  dry,  fre- 
uently  parched,  and  the  dust  on  the  roads  lies  seveiiil  inches  deep, 
eing  often  c»arried  in  the  air  in  dense  clouds. 

The  rainfall  at  Lewiston,  situated  in  the  lowest  and  dHest  }X)rtion 
f  the  Nez  Perce  region,  is  usually  from  14  to  16  inches  a  year.  Of 
lis  meager  amount  the  larger  portion  comes  between  the  first  of 
fovember  and  the  end  of  March.  With  increase  in  elevation  there  is 
Q  increase  in  precipitation,  but  in  the  absence  of  definite  observations 
16  annual  rainfall  on  the  higher  plateaus  can  only  be  judged  from  the 
Bture  of  the  vegetation  and  the  success  with  ^\i\e\i  n^t\o\v&  ^x^^f^^x^ 
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L'diltivftted.  On  tho  tToiontown  P1at«iu,  where  the  clemtiou  is  nbodt 
'8,0(H)  fcpt,  th»  iiniiunl  pri'eipitatinii  iw  said  to  bt>  in  the  neighborhood 
of  ^5  inches.  In  its  originiil  stute  tht»  broad  plateuii  wtuf  wittioul 
trees,  hut  was  covered  with  a  tuxiirinnt  growth  of  gra^we*  and  flower- 
ing annualx,  which  made  it  a  ticautif  ul  prairie.  The  hroud  Clrnito^ 
Kamiab  prairies  iiLso  were  treeless,  and  may  l»e  coniiiden'd  to  but 
ahout  the  same  rainfall  and  other  climatic  features  that  rhanuteriw 
the  ITniontowD  Plateau.  At  higher  elevations,  beginning,  in  gent^nl. 
ataltout  3,5(XJ  fwt,  forests* appear, and  give  evideneo  of  moreabundaot 
preeipitation. 

In  the  lower  and  drier  [Mrtionx  of  the  county,  particuiarly  in  the 
eanyoits  of  Hiiake  and  C'learwator  rivers  and  on  the  ajljai-citt  pla- 
tt'auH,  irrigation  is  necessary  for  all  forms  of  agriculture  exc-cpt 
where  the  land  i«  so  low  that  it  is  subirrigated  naturally  from  Hie 
stri'Atns.  On  the  pluteMus,  1,500  or  more  feel  alxive  the  i-ea.  wbeal. 
oatx,  barley,  flax,  etc.,  arc  grown  without  water  other  than  thit 
aiiHorbed  and  retained  by  the  tine  porouB  soil,  and  yield  surprisinglv 
abundant  returns;  but  orchards,  except  under  unusually  favorabli' 
local  conditions,  require  irrigation.  On  the  higher  plateaus  and  in 
the  mountains,  although  the  rainfall  in  sufficient  for  growing  fruit,  tht- 
temperature  conditions  are  unfavorable  except  for  berries  and.  pos- 
sibly, apples.  In  the  valleys  and  canyons,  iiartioularly  those  of  Snakr, 
Salmon,  and  Clearwater  rivers,  where  suitable  land  can  be  bad  anti 
where  n^tcu'  for  irrigation  is  also  a'rallable,  peaches,  pears,  plums, 
prunes,  cherries,  grapes,  berries,  and  garden  vegetables,  all  of  excellent 
quality,  are  produced  in  gn-at  tilniMdancc. 

Willi  reference  to  native  vogetjitioii.  tlie  N'e/  I'ercc  region  may  W 
divided  into  two  portitnis,  namely,  ])nirries  iuid  forests.  ISefore  lieing 
plowed,  the  phiteau.s  at  cicvalioiis  of  H..M111  feet  or  less  were  i-lothed 
with  Imnch  grass  and  a  great  Viiriety  of  flowering  annuals.  With  these 
natural  uicadows  are  to  be  classed  also  tlic  precipitous  liorder  of  most 
of  the  ciinyons,  which  are.  for  tlie  most  part,  still  in  their  natural  state. 
except  that  they  have  been  utilized  foi'  st<M-k  ranges und  are  .still  clothed 
with  Imncli  gni.ss.  In  curly  spring  their  nigged  slopes  are  many  tints 
of  green,  but  n>*  the  beat  of  sunnner  increuses  the  gni.s.<cs  with.-r  and 
become  yellow.  ]ii  late  suinnicr  the  entire  liiudsc:i|M',  from  any  com- 
manding eniineiu-e  rising  ill  H)ve  the  plateaus,  is  various  shades  of  yellow, 
for  then  the  grain  fields  luive  changed  to  nearly  the  same  color  as  the 
grass-covered  canyon  walls,  the  only  exception  to  the  prevailing  old- 
gold  color  lieing  furnished  by  the  rich  brown  of  the  crumbling  rocks 
in  the  canyon  walls,  the  less  prevalent  Idack  of  the  but  slightly  weath- 
ered basaltic  lava,  and  rcctiingular  areas  of  deep  black,  as  it  appeal's  by 
eonti-ast,  which  mark  the  locations  of  fallow  lands  among  the  grain 
fields. 
—JFiile  Nez  Ferce  County  and  uuichof  Oie  ivi\ae«.\it  lioviwVt^  \*Uli£h.ly 
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fiTored  in  many  ways  by  soil  and  climatic  conditions,  there  is  in  gen- 
enl  a  scarcity  of  water  available  for  town  supply,  irrigation,  and 
even  for  household  purposes.  While  the  streams  are  numerous,  and 
seyeral  of  them  are  of  large  size,  they  are,  for  the  most  part,  in  deep 
ctnyoQS,  and  are  practically  unavailable  for  irrigation  or  other  eco- 
nomic uses.  In  certain  instances,  however,  the  water  of  streams  has 
been  diverted  and  is  being  used  for  irrigtition,  but  the  areas  thus 
brought  under  cultivation  are  small  in  comparison  with  the  total  <'xtent 
of  rich  agricultural  land  which  needs  water  at  ceituin  seasons.  The 
further  utilization  of  the  stream  is  limited  by  the  great  cost  of  con- 
structing storage  reservoirs,  dams,  and  ditches,  and  ))y  the  conflicting 
interests  involved.  For  these  reasons  attention  has  been  din^cU^d  to 
possible  subterranean  sources  of  water  supply,  and  a  lumiber  of  wells 
have  been  drilled,  one  of  which  yields  a  good  surface  flow.  It  was 
with  the  hope  that  if  the  geologic  conditions  were  understood  the 
present  scant  water  supply  might  })c  incrciised,  not  only  by  obtaining 
artesian  water  but  by  increasing  the  flow  of  springs,  that  the  studies 
described  in  the  following  page^  were  undertaken. 

GEC)IX)GY. 

The  rocks  in  the  Nez  Perce  region  form  two  sharply  defined  groups. 
Fhe  older  group  consists  of  a  large  variety  of  roi*.ks  of  ))oth  igneous 
md  sedimentary  origin,  and  includes  also  great  areas  of  metamorphic 
x)ck  the  original  nature  of  which  has  not  in  all  cases  l)etMi  determined. 
The  younger  group  consists  principally  of  basalt,  but  inchides  layers 
d  clay,  sand,  gravel,  volcanic  dust,  and  lapilli  interbedded  with  it. 
The  older  group  was  greatly  disturbed  b}^  folding  and  otherwise,  and 
ormed  a  land  surface  that  was  deeply  deiuidcd  }>efore  the  younger 
fi-oup,  which  in  general  hius  been  but  moderately  deformed,  was  spretid 
mt  upon  it.  Thus,  geologically,  the  two  groups  are  sharply  defined. 
Their  differences  are  also  conspicuous  from  the  viewpoint  of  the 
economist.  The  older  group  contains  a  variety  of  excellt*nt  building 
tones,  in  many  places  carries  gold  and  ores  of  various  metals,  and  when 
iecomposed  forms  usually  a  light-colored  soil,  which  is  not  fertile; 
vhile  the  younger  group,  furnishing  only  the?  })lack  Iwisalt  and  certain 
oft  beds  of  loosely  compacted  voh^anie  dust  which  can  )m>  used  for 
milding  pui*poses,  is  without  native  metals  or  ores,  hut  contains  lig- 
lite  which  may  prove  of  value,  and  on  decomposing  furnishes  a  (h*ep, 
ich,  dark  soil  of  marvelous  fertility. 

With  reference  to  the  possibilities  of  obtaining  artesian  water,  only 
he  younger  group  needs  to  be  considered;  and  as  the  principal  aim  of 
he  reconnaissance  was  to  ascertain  to  what  extent  the  geologic  condi- 
jons  favor  an  increase  in  the  underground  water  supply,  but  little 
kttention  could  be  given,  in  the  time  available,  to  the  study  of  the 
"ocks  of  the  older  group. 
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■  PRE-TERTIARY  TERRANES. 

The  older  rock  group  just  referred  to  is  considtrod  to  1«  m] 
Tertiary  age,  partly  becttuyo  of  its  lithologic  Himilarity  to  known  1 
ranes  of  older  date  than  the  Tertiary,  but  principally  Ix^cuuHe  eeri 
limestoneH  found  iu  it  carry  obfieure  fosnils  which  seeiu  to  indiiai 
Meeozoit  age,  and  becaasc  the  Columbia  River  lava,  whioh  overlies  j 
tionn  of  it  Hneonfomiably,  is  known,  from  the  fo.'wils  contained  in 
scdimentiu'y  beds  iududed  iu  it,  to  have  been  outpoured  duriii|;1 
tiury  time. 

Rock»  of  older  dat«  than  the  Columbia  River  lava  are  now  cxpc 
at  the  8urfa«e.  In  8ome  places  thetse  rocks  were  never  twjvored  by 
lava,  and  in  other  place;*  the  lava  beneath  which  they  were  fomii 
buried  hafl  l>een  cut  through  or  removed  by  stream  erosion.  ' 
exposurea  of  the  former  class,  so  far  as  the  region  shown  in  PI.  I 
concerned,  are  in  the  foothills  of  the  BitteiToot  Mountains, 
where  Cottonwood  Butte,  Eamiah  ButtcB.  and  a  few  other  island- 
areas  rise  nljovc  the  surfaee  of  the  gcnemlly  lava-covered  ooun^ 
The  exposures  of  the  older  foruiations  due  to  erosion  occur  wl 
Snake,  Salmon,  and  Clearwater  rivers  and  some  of  their  tribute 
have  cut  through  the  lava  and  into  the  rocks  beneath.  ^^m 

RTTTEBllOOT  MOUNTAINS.  ^^M 

Comparatively  little  infoiToatioa  is  a^'ailahle  conoentin^  ti^uBB 

root  Mountains;  but  it  is  known  thiit  tiliinir  their  wi'wtern  Itorder  t 
are  composed  principsilly  of  gneiss  and  mica-schist,  frequently  ric 
giiriiebi,  dioi'itcs.  I'ti-..  with  occasiouiil  porphyritic  dikes  and  intrus 
of  rhyolitc.  The  trend  of  the  stnictuiiil  liiics  in  the  gneiss  and  sc 
and  of  the  diker*  is  nearly  nortii  iind  south.  .Vbout  20  miles  east  f 
the  generalized  western  margin,  as  can  be  Htieit  along  the  Lolo  tra 
change,  occurs,  and  the  great  central  ])ortiiJn  of  the  luountnins  is  se 
ingly  composed  throughout  of  a  light-colored  graniU^  contjiining  h. 
mica  and  fre(|uently  large  crystals  of  lioth  white  and  pink  felds) 
This  granite  is  the  country  rock  o\ei'  a  great  area,  extending  far  to 
north  of  the  Middle  Fork  of  Ciearwatei'  River,  and  no  doubt  is  a  ] 
of  the  extensive  area  of  similar  I'ock  in  tlie  southern  jHtrtion  of 
same  mountains,  mapped  by  \V.  Lindgren  and  shown  by  him  U 
intru.sive  and  of  post- Paleozoic  age.'  Lindgren  makes  the  stjiteu 
that  this  is  the  largest  granite  area  in  the  I'nited  Suites,  and  g 
a  detailed  description  of  the  i-ock.  accompanied  by  sevenil  chen: 
analyses. 

A  view  of  the  Bitterroot  Mountains  from  any  commanding  .suir 
near  thei  r  western  border  shows  a  multitude  of  peaks  and  sharp,  ser 
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i8t8  rising  to  a  general  elevation  of  about  6,50<)  feet  alcove  the  sea. 
»  PI.  Ill,  ^1.)  Between  the  elevations  are  deep  canyons  and  valleys 
th  flaring  sides.  The  topography  is  characteristic  of  an  old  land  sur- 
e,  deeply  denuded  and  now  drained  by  a  mature  and  well-developed 
item  of  waterways.  Every  view  of  the  mountains  impresses  one 
h  the  vast  amount  of  erosion  that  has  occurred  in  the  process  of 
ping  the  present  peaks  and  removing  the  solid  rocks  which  once 
apied  the  valleys,  and  although  this  herculean  task  taxes  the  imag- 
tion  to  picture  and  understand,  it  is  evidently  small  in  comparison 
li  the  total  amount  of  denudation  required  to  lay  bare  the  granite, 
ich  at  the  time  of  its  intrusion  must  have  l^en  covered  to  a  depth  of 
•osands  of  feet  by  rocks  which  were  hardened  by  its  heat. 
To  the  south  of  the  Middle  Fork  of  Clearwater  River  and  in  the 
st-central  part  of  the  Bitterroot  Forest  Reserve,  is  a  range  of  promi- 
it  peaks  termed  The  Crags,  which  rise  from  3,<X)0  to  4,000  feet  above 
)  general  level  of  the  rugged  land  surrounding  them,  and  have 
x?hes  of  snow  in  their  sheltered  recesses  lati>  in  the  summer.  Judg- 
[  from  their  topography  as  seen  at  a  distance,  the  depressions  among 
J  prominent  peaks  appear  to  have  formerly  been  (K»cupied  by  alpine 
iciers.  At  least  one  of  the  secondary  peaks,  Rocky  Crest,  situated 
>ut  15  miles  west  of  Bald  Mountain  and  crossed  by  the  Lolo  trail,  also 
m  evidence  of  former  glaciation.  On  its  eastern  and  northeastern 
€8  there  are  three  well-defined  amphitheaters  in  the  walls  and  over 
)  bottoms  of  which  are  smoothed  rock  surfaces  such  as  glaciers  leave, 
ese  amphitheaters,  eroded  in  the  smumit  of  a  bold  mountain,  are 
)ut  500  feet  deep,  and  on  their  lower  margins  open  out  into  impres- 
e stream-cut  valleys.  The  glaciers  which  occupied  them  were  in  each 
tance  about  a  mile  in  length  and  were  isolated  from  one  another, 
ne  of  the  adjacent  mountains  retain  evidences  of  glaciation,  although 
mt  20  miles  to  the  northeast  of  Rocky  Crest  there  are  prominent 
is  which  are  similar  in  form  to  that  mountain  and  which  very  likely 
•e  gave  origin  to  small  ice  streams.  This  is  the  only  evidence 
erved  of  the  former  presence  of  glaciers  in  the  region  represented 
ihe  map  forming  PI.  II,  or  over  a  large  area  to  the  east  and  west  of 
b  region.  Seven  Devils  and  Powder  River  mountains,  from  40  to 
tuiles  south  of  the  southern  boundary  of  Noz  Perce  County,  wei*e 
lain  view  from  several  points  visited  during  the  reconnaissance,  and, 
jing  from  the  topography  and  the  fact  that  late  in  sunmier  they 
whitened  with  lingering  snowbanks,  it  is  to  be  presumed  that  they 
e  formerly  occupied  by  glaciers.  This  meager  evidence,  taken  in 
nection  with  observations  made  by  Eldridge'  and  Lindgren'  in 
bh-central  Idaho,  shows  that  throughout  central  and  southern  Idaho 

geological  reconnaiMnnce  acrosH  Idaho,  by  Qwk  H.  Eldrld^:  Sixteenth  Ann.  Kept.  U.  8.  Geol. 

sy.  Pt.  II,  pp.  228-224. 
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lotyil  gliit'icrs  only,  of  the  iitpiiie  type,  existed  durinjf  the  Glacial 
and  that  ther«'  wtis  an  iibsencu  of  anything  approaching  a  loitfluenl  iw 
she«t.  Thi-  moitt  instructive  rec-ordM  made  in  this  region  during;  itie 
timo  i-efiTrt'd  t«  are  the  Mtream-deposited  gravels,  mmiv  acc^ouul  i»I 
whioh  will  Ik'  givon  fiirther  on. 

The  Mad(;ot  Hills,  indituted  in  part  in  the  northeatttorn  oomerof  111? 
map  forming  I'l.  II,  are  a  typical  portion  of  the  foothilU  of  the  Bithr- 
rout  Mountains,  adjiiceut  to  tho  eatit^trn  margin  of  the  <.'o]iuubia  Kvi-r 
lava,  and  may  be  taken  as  representative  of  the  iron<litions  UuM  i'xi«t 
fur  u  long  diijtunce  to  both  the  north  and  the  aoutb  of  tbem.  Thi-fn 
h\]\n  riHo  Iwldly  to  a  height  of  about  1,1(X)  feet  olxn'u  thu  hkvm  pkiln 
skirting  them  on  all  t^idei^  except  to  the  eastward,  and  form  a  pmrni- 
nent  headland  on  the  margin  of  the  Kea  of  molten  rot^tk  which,  a«  will 
lie  dcoiribed  further  on,  eneroached  on  the  weatem  slope  of  th©  Kttcr- 
root  Mountains.  The  roeks  forming  tlm  Mn-seot  Hill"  i>on8Mt,  in  larp- 
part  at  least,  of  gneies  and  mica-wliint  travei-sed  by  quartst  veins.  As 
ia  an  almost  invariable  rule  along  the  wcst^ffu  Imrderof  thi*  DiUvrnidt 
Mountains,  the  trend  of  Uie  rock  strueture  is  about  north  and  nouth, 
and  what  appears  to  be  the  bedding  of  the  gneias  and  the  lamination  <if 
the  sehirit  standM  nearly  vertical.  A  marked  feaiture  in  the  topograpliy 
of  the  hilln  is  their  Buljdued  and  genei-aily  rounded  prolilee,  )ndieMtiviM>f 
long  expo):!ure  to  the  atmuispherv.  Sustaining  this  eouclusion  iu  the  fad 
that  tho  rocks  are  deeply  di«integint<xl  and  decomposed.  At  the 
e.xtremity  of  a  tunnel  at  the  Mascot  mine,  150  feet  from  its  enlxanLv 
and  about  tiib  feet  bolow  tho  surface,  the  rock  is  so  soft  and  bo  vom- 
pletely  sh.itteivd  thnt  il  riin  bo  rriririved  with  u  pi.-k.  and  even  tlir" 
<limilz  .ail  I).'  .nuijl.l.^.i  lirlweeii  the  Hn^'.T>.  AllIioiiKb  tb.^  HK'ks  i.iv 
evidently  weatlieri'd  to  a  great  depth,  nowhere  al>out  the  hills  is  there 
e^'idenee  of  the  advarieed  ilejjree  of  roik  decay  which  gives  origin  to 
led  Miil.  The  characteristic  tojMigruphy  and  deep  weathering  refern-d 
to  are  among  the  niiinei-oiis  evidences  that  the  older  group  of  nNk.« 
under  consideration  hais  fonned  a  land  surface  for  a  great  length  nf 
time,  and  wa.s  deeply  eroded  before  the  coming  to  the  surface  of  ihe 
vouiiger  group  of  rocks  of  the  region,  namely,  the  Columbia  River 
iavn. 

From  the  'iiiniiiit  of  the  Maneot  Hills  tho  relation  of  the  Bittem>ot 
Mountaintt  to  tlie  \&sl  lava  plateau  to  the  northward  and  weatward  is 
plailily  i-evealed  in  the  toptigrapliy.  To  the  north,  and  extending  well 
to  the  northeast,  there  is  a  broad,  level,  densely  forest- covered  region 
aeros.s  which  the  North  Fork  of  Clearwater  River  has  eut  a  st*eii- 
sided  lii'iich.  Each  branch  of  the  river  flows  in  a  I'anyon.  and  what 
in  distant  view.-*  seems  to  lie  a  level  platJ-Jiu  is  in  reality  deeply  dis- 
eeeted.  The  summits  of  the  canyon  walls  are  fomied  of  rim  rocks  of 
ba;^lt,  and  tho  lower  and  usually  bold  slopes  reveal  tJie  charact«ri.stic 
isittresnes  or  fermce-like  sho\ildevw  \iroAv\teA  \^\  Vu«  '«s«,\.\iM\i\^  of 
ro^isUtnt  roek.'H  on  whic\^  t\ie  \mM\\\.  v«*x«. 
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rhe  same  plateau  which  has  been  deeply  trenched  by  the  North 
•rk  and  its  numerous  tributaries  sweeps  al)out  the  western  Inise  of 
)  Mascot  Hills  and  extends  eastward  up  Oroiino  Creek  nearly  to 
lart  South  of  the  canyon  of  Orofino  Creek,  with  its  precipitous 
Ik  of  black  basalt,  the  eye  ranges  over  a  long  suc(»e.ssion  of  rounded, 
•est-covered  hills  which  project  irregularly  inU)  a  plateau  to  the 
stward,  which  is  without  forests  and  in  summer  is  yellow,  as  far  as 
)  eye  can  reach,  with  grain  fields.  This  vast  cultivated  tract,  seem- 
fly  as  level  as  a  floor,  is  the  Camas  and  Kamiah  prairies.  Although 
'.  plain  is  trenched  by  a  number  of  narrow,  steep-sided  canyons, 
?y  are  concealed  from  view,  and  the  plateau  appears  as  it  did  when 
'  last  of  the  lava  sheets  of  which  it  is  composed  was  poured  out  as 
>lten  rock.  Rising  from  the  sea-like  expanse  of  the  former  grass- 
lered  and  flower-strewn  prairie,  and  foniiing  conspicuous  objex'ts 
the  far-reaching  landscapes,  are  two  elevations,  known  as  Cotton- 
K)d  Butte  and  Kamiah  Buttes,  which  arc  easily  recognized,  even  at  a 
jtancc  of  many  miles,  as  mountain  peaks  which  stood  as  islands 
len  the  lava  invasion  occurred.  A  view  from  the  sunmiit  of  the 
ascot  Hills  not  only  serves  to  reveal  the  genei*al  relation  between 
e  two  groups  of  rocks  of  which  the  surrounding  region  is  comjjosed, 
t  brings  out  the  fact  that  although  large  portions  of  the  plateau 
rmed  by  the  younger  group  still  retain  an  essentially  horizontal 
wtion,  other  portions  have  been  tilted  and  otherwise  deformed  as 
11  as  trenched  b}'^  stream  channels.  The  evidence  of  extensive 
>vements  in  the  once  horizontal  lava  sheets,  however,  will  ])e  dis- 
ced further  on. 

I8LANI>-LIK£   AREAS   IN    A   SKA   OF   I.AVA  (STEITOES). 

rhe  deep  erosion  of  the  pre-Tertiary  land  over  which  the  Columbia 
er  lava  was  poured  out  has  already  been  referred  to,  but  nowhere 
b  more  clearly  demonstrated  than  at  Cottonwood  Butte,  which  rises 
3Ugh  the  lava  forming  the  Camas  Prairie  and  in  the  adjacent  por- 
I  of  the  canyon  of  Salmon  River.  This  butte,  which  rises  l,l()Oor 
K)  feet  above  the  generally  level  basaltic  plateaus  surrounding  it, 
imposed  of  a  variety  of  rocks  belonging  to  the  older  group 
jrred  to.  At  its  summit  and  on  its  westerly  side  the  rocks  are 
ipact  and  massive,  and  consist  largely  of  old  lavas  or  intrusions 
ch  have  been  altered  and  somewhat  metamorphosed.  In  its  eastern 
tion  reddish  slate  appears,  the  cleavage  planes  of  which  ai'e  nearly 
bical,  also  ancient  lavas  and  lapilli-like  deposits  that  have  been  con- 
dated  and  greatly  altered,  probably  by  ht»ated  \vat(»rs  and  pressure.* 

xk  samples  collected  on  Cottxmwfxxl  Butte  have  \tvvu  examine<l  by  Waldeinar  Liiidgn$ii,  who, 
their  macrosoopic  charaetcristici*,  made  the  following  provlflionul  detcrminationB: 
■ample  from  west  idope  of  the  butte,  metaandetdte:  from  the  top  probably  metabasalt  or  altered 
Ale  feldqMT  iNMiir;  ea/ttalope,  tuff  or  tuff-bret'eia,  of  oU\  e1l\iiA,^«icieY,iS't«e;'^aKACk!(&\\3A.x<^^i^^ 
eter  btumltie  ormndcgltio:  east  end,  clay  slate  (ruoftng  sVatA"^,  ptoYieXAi  <»Ti\a2L\)\T^<9cnM^«n2^^ 
ed  rolamnlc  tuOkcooua  material." 
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Thnee  old  fw.ks  «h<>w  that  they  wore  deeply  eroded  iwfore  the  <■ 
of  the  Coliiniltiu  Itivor  lavii,  but  were  left,  by  the  removal  of  the 
rial  wbieii  formerly  surruiiiidert  them,  as  isolated  mountein 
'rh«  time  nwiuired  for  this  topoj^raphii-  transformation  was  cei 
long,  although  it  can  not  be  mejiaun^d  hy  years,  but  some  idi 
wrniiig  it  may  be  had  by  comparing  the  tasks  accompIishi>d  by  ( 
lieforc  atid  after  ihe  eruption  of  the  Columbia  Biver  lava.  Thi 
has  litood  fully  exposed  to  storms  and  sunshine  since  the  lava 
alxiut  it,  but  evidently  it  has  suffered  only  a  moderate  amount  o 
dation,  although  the  neigblx)ring  canyon  of  Salmon  River  hf 
oxojiviitcd  in  the  lava  and  the  underlying  and  more  resistant  p 
a  deptii  of  fully  3,500  feet.  The  work  of  the  river  in  ahap 
magnificent  ainyon  is  small  in  couiparison  with  the  tajsk  whi 
accomplished  previous  to  the  coming  of  the  lava  in  rcmovi 
material  from  alx>ut  the  hard  rocks  now  forming  the  butte  an 
ing  it  a  prominent  mountain.  The  peak  has  Hufferod  but  little 
during  the  time  the  adjacent  canyon  was  Iwiug  exL'avated,  I 
reason  that  it  atfonlt^  but  a  small  gathering  groimd  for  streai 
also  JH^auso  its  slaty  layers  are  on  edge  and  permit  the  rail 
falling  on  them  to  percolate  throiigh,  thus  robbing  it  of  the  p< 
uorrade.  The  lYicks  of  Cottonwood  Butte  are  not  only  rcsis 
miK>hiuiii-al  wear,  changes  of  tempemture,  etc.,  but,  ecjually  imp 
they  do  not  yield  readily  to  chemical  influences  such  as  the 
action  of  percolating  water.  Even  at  the  surfat^e  they  are  ha 
show  visible  evidences  of  weathei'ing  to  ii  depth  of  only  a  fe 
in  some  cases  only  ;i  few  inches.  The  soil  citi  the  butte  is  thin, ; 
rock  exposures  ui'c  abundant.  The  wciithcring  which  has  \n 
the  deep  rich  soil  of  the  Ijasultic  plalciiii  has  rnad(-  bul  litlh>  p 
on  the  more  resistant  rocks  forrnin;,^  the  rmich  more  ancient 
Even  when  account  i>  taken  of  the  steep  slopes  of  the  butte  : 
fact  that  rocii  waste  would  be  ivnicved  Tuiii'li  moic  readily  there 
the  nearly  flal  prairie  surface  siiinuinilin;r  il.  the  evidence  .stii: 
the  view  that  the  laitte  lias  lieen  eliarij.'cd  but  little  in  lu-iirht  or  • 
since  the  Columbia  Hiver  lava  was  poured  out.  A  view  of  thi 
ern  slope  of  the  laitte  is  showiL  in  I'l.  V.  .1.  It  is  of  interest 
also  that  the  soil  on  the  butte  is  dillerent  froni  tli.it  on  the  surn 
lin.siiltie  plateiiu,  and  was  derived  from  tlic  rocks  on  which  i 
Reference  will  be  made  further  on  In  llii>  and  other  kiiidrc 
which  show  that  the  soil  of  (hi'  basaltic  plateau  wa>  derived  fi 
decay  of  the  l>asalt  itself,  and  was  not  linui^dit  fnnn  a  distance  t 
the  agency  of  the  wind. 

As  already  stated,  the  slal\-  ideacajre  iti  llie  rocks  forming 
wood  Butte  is  neai'ly  vertical.  This  has  an  important  influenct 
drainage,  and  accounts  foi'  the  pre-encc  of  tlie  niunerous  spt 
r/fjtr,  vool  watci  which  occur  there.     Ouo  *A  \.\\i;svi  *\.\\Yi^*  v 
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depression  between  the  two  summit  peaks,  and  is  supplied  by  the  rain 
Uling  at  higher  levels.  The  northern  side  of  tho  butte  is  forest  cov- 
erei  but  its  southern  slope  is  mostly  free  from  trees,  and  is  clothed 
with  hunch  grass  down  to  an  horizon  about  800  feet  ])elow  the  summit, 
where  a  pine  forest  begins  which  extends  southward  over  the  bjisaltic 
phteau. 

No  more  charming  camping  phu'c  and  no  more  attractive  l(K*ation 
for  a  summer  resort  can  lie  found  in  the  Nez  Perce  region  than  is 
afforded  by  this  isolated  mountain  {mak,  from  the  summit  of  which  so 
much  of  the  earth's  history  win  be  read  as  from  a  printed  page.    From 
the  summit  of  the  butte  one  has  not  only  a  magnificent  ))ut  a  most 
instructive  panorama  spread  out  )>efore  him.     In  summer  the  air  is 
nearly  always  cool  and  invigorating,  and  so  clear  that  the  distant 
mountains  as  well  as  the  depths  of  the  neighlK)ring  ciiuyons  seem 
near  at  hand,  instead  of  many  miles  away.     The  clouds,  which  fre- 
quently form  in  vast,  brilliantly  illuminated  blinks  about  the  higher 
peab  of  the  Bitterroot  Mountains  and  drift  over  the  broad  wheat 
fields  of  the  once  monotonous  prairie,  mottling  them  with  slowly  mov- 
ing shadows,  serve  to  enhance  the  glory  of  the  scene,  and  perhaps 
bring  refreshing  showers;  violent  storms  are  unknown  in  this  region. 
In  winter  the  ancient  mountain  peak  is  white  with  snow,  and  the  cold 
frequently  is  intense.      Looking  southward  from  the  topmost  cmg  of 
the  prominent  butte  on  which  the  reader  is  invited  to  stand,  in  fancy, 
cm  sees  at  his  feet  the  forest-covered  plateau  of  Columbia  River  lava. 
Near  at  hand,  rising  from  amid  the  dark  pines,  is  the  shining  spire  of 
a  village  church.     A  few  miles  beyond  the  dark  plateau  breaks  off,  as 
if  an  earthquake  had  shattered  it,  and  one  looks  down  into  the  puiple 
depths  of  the  vast  chasm  which  Salmon  River  has  eroded  in  order  to 
carry  its  burden  of  sand  and  gravel  to  Snake  River  and  then  onward 
to  the  sea.     The  canyon  is  not  a  narrow  gash  in  the  rocks,  with  verti- 
cal walls,  as  the  term  may  perhaps  be  thought  to  signify,  but  is  a  great 
excavation  from  4  or  5  to  10  or  more  miles  wide,  with  many  serrate 
ridges  and  buttresses  diversifying  its  precipitous  sides.     The  upper 
portions  of  the  canyon  walls,  sculptured  into  many  forms  by  rain  and 
rills,  are  of  horizontal  masses  of  dark  rock  (the  edges  of  nearly  level 
lava  sheets),  l)elow  which  are  more  massive  slopes  showing  where  the 
underlying  and  more  re^jistant  rocks  have  been  exposed.     The  course 
of  the  canyon  can  be  traced  for  50  or  more  miles — from  far  away  to 
the  southeast  to  where  it  makes  a  sharp  ])end,  seemingly  at  one's  feet, 
and  thence  southwestward  to  its  junction  with  the  larger  and  still  more 
magnificent  excavation  of  a  similar  nature  in  the  depths  of  which 
Snake  River  is  hidden.     To  the  south  of  the  canyon  of  Salmon  River 
is  a  broad  forest-clothed  remnant  of  the  original  plateau,  formed  of 
lava,  which  is  bordered  on  its  farther  side  by  the  canyon  of  Snake 
River,  there  fully  4,000  feet  deep.    The  upper  portiotv  ot  tha  voat 
doutb  wall  of  Sn&ke  River  Canyon  is  in  view  lioui  VXi^  \)\)XXfo^  ^s^ 
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when  brilliantly  illuuiiirnhxl  l»y  the  sun,  one  can,  at  a  distance  of  it 
niil^ti,  truce  the  outlines  of  the  eustle-like  nnd  cuthtxirul-llke  fonng^ 
which  give  divcrMity  to  its  Koinbor  Bcenery.  The  lirink  of  the  distal 
ciiayon  is  miLrkod  by  a  dark  line  of  pines  and  fira,  and,  like  the  layer-'l 
of  banatt  beneath  it,  ib  the  edge  of  a  widely  extended  aheet — the  grert  I 
eoniferoiw  foinst  of  eastern  Oregon.  Still  farther  iiway,  but  fre-  I 
iliiently  sharply  outlined  againiit  the  southern  sky.  rise  the  angiiUr  1 
peulu  of  the  Seven  Ilevil»  and  Powder  River  mountains,  their  summilg  1 
far  above  timber  line  and  here  and  there  flecked  with  wnow  which  ' 
gleams  like  bumiDhed  8ilver  in  the  inlx'iise  light  of  the  umdoudtxj  sum- 
mer »un. 

The  view  to  thi>  wistward  eiiibnieea  the  broad  undulHtiiig  surfaivol 
the  (.'anias  and  Kaniiah  prairies,  which  are  eheckered  with  rectangles 
of  yellow  grain  tields  and  blat^tk  fallow  land's.  The  plain,  several  hun- 
,dred  square  milerf  in  area,  in  everywhere  covered  with  a  deep,  rich 
soil,  which  has  resulted  from  the  decay  of  lava  and  is  of  wonderful 
fertility.  Some  suggestions  are  furnished  of  the  deeply  sunken 
stream  channels  which  dissect  this  young  land,  but  for  the  most  part 
they  are  lost  to  view,  and  the  great  expanse,  with  its  mild  undubi- 
ttons,  n*ealls  the  rolling  prairie  or  the  great  plateaus  to  the  east  of  tlie 
Rocky  Mountains.'  The  Camas  and  Kainiah  prairies  are  bordered  on 
the  i'Otit  by  an  irregular  ruiiM,  lino  of  hills,  lieyond  which  rise  the 
forest-covered  {>eaks  and  ridges,  with  flowing  outlines,  which  L«mpoi>e 
the  nearer  portion  of  the  Bitterroot  Mountains.  The  view  to  the 
westward  is  less  extensive  than  in  other  directions,  but  it  preeenti  I 
other  instructive  features.  The  genei-ally  level  surfaces  of  the  Cama." 
and  Kjiiniah  praii'icri  i'ii:>c  gently  uloiij;;  theirwcstcrn  margin  and  niergo 
l>y  iiisciisil>lc  gradations  into  the  long  eastern  slope  of  Cniig  Mountairi. 
With  increase  in  elevation  there  conies  a  change  in  the  vegetjitiim.  :unl 
the  open  pruirio  country,  with  its  gmin  tields,  its  sc-.itton-d  fiirrii- 
houses,  and  its  villages,  gives  place  to  a  dark  forest  of  pines  and  firs. 
The  rocks  wliicli  un<lei']ii>  the  pniirie  have  l»cen  iHMit  upward  and  form 
a  gently  tilted  ].lain,  which  breaks  utf  abruptly  on  its  farther  {western) 
.•jide,  and  there  possesses  some  of  the  features  of  a  ntoiuitain. 

A  few  miles  to  the  iKirtli  and  west  of  Cottonwood  liuttc  there  »rc 
low  hills,  composed  of  rocks  which  areolder  than  the  (.'oloml)!!!  l{i\er 
lava,  which,  like  the  rmtiti  butte,  ai'c  islands  in  the  lava  plain.  As 
sheet  after  sheet  of  molten  rock  was  j)ourcd  out  and  flowed  over  the 
land,  it  rose  higher  and  higher  on  the  sides  of  the  once  proniiiicnt 
monntjiins,  liut  the  inundation  ceased  before  they  were  completely 
buried.  Neighboring  peaks  of  lesser  height  wore  no  dou))t  covered, 
and  ages  hence  will  lie  revealed  through  the  agency  of  erosion. 

Another  group  of  mountjiin  .sunnnits  left  as   islands  in  the   lava  sea 

occurs   on   the  west   side   of  the   South   Fork    of  Clearwater  River. 

between  the  towna  of  Stuart  and  Kaum\\,  \V\wv^  Vn  e\w«.i\wns  of   5tXl 

or  0<>O  feet  a/)ore   the  cooled  and   UavAeueA  svv\lAi.c.    tW  ■^vivl\\'.& 
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Battes,  as  they  have  been  named,  are  between  the  canyon  of  the  South 
Folic,  which  there  is  1,800  feet  deep,  and  the  smaller  but  nearly  em 
deeply  cut  canyon  of  Lawyers  Creek.  The  nature  of  the  ro<^k  form- 
ing the  buttes  is  not  detinitely  known,  but  what  probably  are  ix)rtion8 
of  the  same  mass  are  exposed  in  the  canyon  of  the  South  Fork;  they 
ire  granite-like  in  character — more  detinitely,  diorite.  The  buttes  are 
vithout  timber,  and  to  some  extent  are  now  under  (cultivation.  They 
eonsu^t  of  several  rounded  summits,  and  are  to  l)e  (biassed  with  the 
foothills  of  the  Bitterroot  MounUiins,  now  separated  from  them  ]>y 
about  0  miles  of  lava.  A  view  of  Camas  Prairie,  showinj^f  the  Kamiah 
Buttes  in  the  distance,  is  shown  in  PI.  Ill,  Ji, 

Another  island  like  area  in  the  lava  bed,  of  small  size  and  rising 
ooh'  a  few  hundred  feet  alcove  its  surface,  occurs  5  or  (>  miles  to  the 
south  of  the  Kamiah  Buttes,  on  the  brink  of  the  canyon  of  the  South 
Fork.  Still  another  area,  with  a  similar  history,  is  situated  farther 
north,  on  the  west  side  of  the  same  canyon,  opjxjsite  (rre(»r;  from 
Kamiah  Prairie  it  appears  as  a  low  hill  with  an  undulating  surface. 
Another  and  less  conspicuous  example  oi*curs  on  the  east  brink  of  the 
canyon  of  Snake  River,  near  Waha,  but  in  this  instancre  there  is  some 
question  whether  the  elevation  of  old  igneous  rock  now  exposed  was 
an  island  in  the  lava  or  was  covered  by  it  and  has  since  been  exposed 
by  erosion. 

Isolated  mountain  peaks  rising  through  the  Cohimbia  River  lava,  of 
the  general  nature  of  those  described,  form  conspicuous  and  instruct- 
ive features  in  several  portions  of  the  vast  region  occupied  by  that 
formation,  and  are  of  such  importance  as  to  demand  a  family  name  by 
which  to  designate  them.  Steptoe  Butte,  near  Grartield,  Washington, 
which  has  been  described  in  a  previous  paper,*  is  a  typical  example  of 
iese  eminences,  and  its  name  may  with  propriety  l>e  adopted  as  a  gen- 
iric  term  by  which  to  dejsignate  similar  toix)graphic, forms.  A  step- 
06,  then,  is  an  island-like  area  in  a  lava  flow.  Cottonwood  Butte  and 
he  Kamiah  Buttes  are  the  largest  steptoes  in  the  Ncz  Perce  region. 
liese  are  far  exceeded,  however,  by  the  Eagle  Creek  Range  (known 
Iso  as  the  .Powder  River  Mountains)  in  Oregon,  which,  as  stated  by 
jindgren,"  consist  of  bare,  rugged  peaks  that  rise  several  thousand  feet 
bove  the  basaltic  plateau  surrounding  them  on  all  sides.  This,  the 
Teatest  steptoe  known,  has  a  diameter  of  24  miles. 

FORMATIONS   BENEATH    THE   Cx:)LUMBrA    RIVER   LAVA. 

As  is  indicated  on  the  map  forming  PI.  II,  the  older  group  of  rocks 
n  the  Nez  Perce  region  is  exposed  in  the  deeper  portions  of  several 
►f  the  larger  canyons  that  have  been  excavated  in  the  Cohuubia  River 
iva.     The  principal  outcrops  of  this  nature  are  along  Clearwater 

lA  reooonolaHuiGe  In  southeastem  Washington,  by  I.  C.  Riuwll:  Water-Supply  and  Irrigation 
kper  V.  &  Oeoi.  Surrey  No.  4  (1897),  pp.  88-10. 
'Twentietb  Aon.  Rept  U.  ft  GeoL  Survey,  Pt.  IH,  p.  9L 
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River  and  several  of  its  tributaries  to  the  cast  of  Peck;  alon^  Stiakfl 
River  above  the  mouth  of  Grande  Roude  River;  in  the  vicinity  of  Bnfi 
falo  Roek;  and  on  the  aides  of  the  Ofinyon  of  Salmon  River  near  id 
junction  with  Snake  River  and  ugaiti  at  several  localities  from  2o  to  3fl 
mileK  above  its  mouth. 

Near  its  month  the  North  Fork  o£  Clearwater  River  has  out  thi-ough 
a  thoutmnd  or  more  feet  of  iMwalt  and  deep  into  the  underlying  diorita 
and  gnei»s.  The  portion  of  the  i-anyou  rnaik  in  the»e  older  rocks '» 
steep-sided  and  all  )iut  impaitsuble.  Re^inniii^  alraut  0  miles  above  ila 
mouth,  however,  the  )>U8alt  comes  down  to  the  stream,  and  for  4  or  6 
miles  the  canyon  broadens  »o  as  to  leave  room  for  a  few  Mmall  forms 
on  iti*  western  aide,  where  it  is  about  2,000  feet  deep.  About  a  niiio 
below  the  mouth  of  Elk  Creek  the  older  group  of  rocks  appears  again 
in  the  lower  portion  of  the  canyon  wall  and  continues  for  at  least  io 
miles  upstream,  probably  to  the  eastern  edge  of  the  basalt.  Through- 
out this  distance  the  rockti  beneath  the  lava  are  mainly  gneiss  and  mica- 
schist  rich  in  garnets*.  In  plat^es  the  older  terranes  are  traversed  by 
light-colored  porphyritic  dikes,  and  in  a  few  instance^!  by  dikes  of  dark 
rock  apparently  of  the  same  nature  as  the  lava  whicii  forms  the  upper 
portion  of  the  walls  of  the  canyon.  One  of  the  dikes  is  from  260  to 
300  feet  wide,  nearly  vertical,  and  trends  N.  10*^  W.  The  structural 
lines  in  the  gneiss  and  schist  have  nearly  the  same  strike,  and  the  appar- 
ent bedding  and  planes  of  schistosity  dip  eastward  at  an  angle  of  from 
70  to  80  degrees.  At  manj'  localities  along  the  river  the  lower  portion 
of  the  canyon  walls,  up  to  a  height  of,  in  geneml,  800  to  i,SOO  ieet,  are 
composed  of  the  older  group  of  roclis  and  are  bold  and  precipitous. 
At  the  suniniit  of  these  steep  lower  slopes  there  is  usually  an  irregular 
ten-ace,  due  to  the  more  rupid  recession  of  ba-salt  which  overlies  the 
more  ancient  mica-bearing  rocks,  while  the  upper  portion  of  the  canyon 
walls,  500  to  1,IMX)  feet  in  height,  according  to  the  irregularities  of  the 
subbasaltic  floor,  is  diversified  Iiy  Hlteriiate  promontories  and  reces- 
sions. The  summit  of  the  canyon  walls  is  frequently  niai'ked  l>y  a 
rim  rock  formed  by  the  edge  of  the  topmost  layer  of  ba.-ijilt  which 
forms  the  surface  of  the  bordering  uplands.  The  great  forcst-covcrtxl 
plateau  in  which  the  North  Fork  has  sunk  its  channel  rises,  with  a 
gentle  gradient,  toward  the  cast,  and  the  basalt  which  underlies  it 
grows  gradually  thinner  when  traced  in  that  direction,  although  there 
are  many  important  irregularities  in  thicknes.-;.  and  the  influenci-  of 
the  underlying  I'ocks  on  the  topography  of  the  canyon  walls  bcc<.)mcs 
more  and  more  marked. 

When  the  region  traversed  by  the  North  Fork  is  studied  in  detail, 
it  will  proliuldy  be  found  that  there  is  a  progressive  change  in  the 
rocks  beneath  the  basalt,  in  reference  to  metamorphism.  from  west  to 
east,  until  the  granite,  which  begins  near  Rocky  Crest  and  extends  at 
)east  20  mWea  eastward  from  that  v)eak,i»  reached.     This  is  secuiingly 
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in  keeping  with  the  conclusion  reached  by  Lindgren,  that  the  granite 
of  the  Bitterroot  Mountains  is  intrusive  and  has  altered  the  rocks 
•bng  its  contact;  but  the  greater  part  of  the  metamorphism  observed 
in  the  rocks  along  the  North  Fork  is  probably  regional  and  of  older 
date  than  the  granite. 

At  Orofino,  for  several  miles  both  up  and  down  each  side  of  Clear- 
water River,  and  also  along  Orofino  Cre(»k  for  a  distance  of  2  or  8  miles 
from  its  mouthy  the  mic4i-^)earing  roc^ks  Iwneath  the  basalt  are  well 
expo^.  In  this  region  the  sublava  formations  are  mainly  gneiss, 
mica-schist,  crystalline  linmstone,  and  (fuartzitc.  This  2iss(K*iation  is 
essentially  the  same  as  occurs  in  Snake  River  Canyon,  where  black 
slate  also  is  found,  and  it  is  to  })e  exi>ec*tcd  that  slate  is  also  present  in 
the  neighborhood  of  Orofino.  The  limestone  is  in  well-defined  beds, 
associated  with  mica-schist.  The  beds  are  nearlv  vertical  and  strike 
N.  15°  to  20"^  W.,  which  is  also  the  general  trend  of  all  of  the  con- 
spicuous division  planes  in  the  older  group  of  rocks,  and  shows  the 
influence  of  a  force  acting  in  an  east- west  direction.  In  common  with 
ill  other  portions  of  the  canyon  in  the  Nez  Perce  region  in  which  the 
)lder  group  of  rocks  is  exposed,  the  topography  of  the  bluffs  in  the 
icinity  of  Orofino  reveals  the  junction  of  the  overlying  basalt  with 
he  rocks  on  which  it  rests;  but,  as  is  common  in  other  instances  also, 
be  precise  contact  is  almost  always  obscured  by  landslides  and  talus 
lopes. 

The  rocks  exposed  beneath  the  basalt  near  Orofino  (ran  })e  traced 
[>ntinaously  along  Clearwater  River  and  its  south  fork  to  near 
lamiah,  and  appear  again  in  the  west  wall  of  the  canyon  about  a  mile 
bove  that  town.  The  same  group  of  rocks  is  also  exposed  along 
iveral  of  the  streams  which  join  Clearwater  River  from  the  east,  as 
'ell  as  along  the  main  stream  above  its  junction  with  the  South  Fork. 
n  the  lower  portions  of  the  canyon  walls  in  the  vicinity  of  Greer,  a 
ght-colored  diorite  resembling  gnmite  is  the  most  important  memlier 
f  the  older  terrane. 

In  the  first  6  miles  of  its  course  below  the  great  bend  near  Keut<5r- 
ille,  Salmon  River  cuts  at  least  three  ridges  of  hard,  resistant  rocks 
elonging  to  the  series  which  occurs  beneath  the  lava.  At  each  of 
[lese  localities  the  stream  is  narrow,  and  rushes  through  the  flume- 
ke  trenches  with  a  swift,  foaming  current.  The  to]X)graphy  of  the 
rails  of  the  canyon  permits  one  to  trace  in  even  distant  views  the  out- 
rops  of  the  roc*ks  beneath  the  lava,  and  to  distinguish  their  junction 
ritb  the  black,  horizontally  bedded  basalt  resting  on  them.  In  this 
any  on,  as  in  many  others  in  the  Nez  Perce  region,  the  older  rocks, 
onsisting  largely  of  light-colored,  acid,  igneous  rock,  are  more  resist- 
Dt  to  atmospheric  influences  than  is  the  basalt  resting  on  them,  and 
Drm  conspicuous  shoulders  on  the  lower  portions  of  the  mountain-like 
purs  which  extend  into  the  canyon  from  eitiicY  ^\^<^.    ^V^t^  ^^ 
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bftattlt  ilewcndt*  t^i  tin'  river  thfl  trail  liy  which  one  can  traverse 
oanyon  from  itj*  mouth  to  near  Kuutiirville  deiwentU  also,  and 
the  bank  of  tht-  river  or  runs  near  it;  hut  whore  thp  rocks  )>eneatfa 
basalt  are  cxposml  the  immediate  banlu  of  the  river  are  preicipitouHf 
and  tho  trail  Hscends  and  erasses  the  promontory  at  aii  elevation  of,  in 
peneral.  hImjuI  1,<)(H)  fewt  above  the  Iwttoin  of  the  tanyon.  Boloif 
Deer  Cri-ek.  whieh  romeji  from  the  north  and  joinn  Salmon  River  about 
13  mi  W  fTOin  it*i  mmitii.  the  river  flows  over  ImmhIi  and  is  bordered  bj^ 
nia^riiiliivnt  mountain-like  e8<-arpmentH  of  the  Name  rock,  in  which  tbo 
bi'ddiiijr  JH  eijiwntially  horiKontal.  The  Iwflait  (continues  along  the 
iniicfjiri  of  the  river  to  within  4  or  5  milfiw  of  its  mouth,  where, » 
already  hIuUkI.  it  enters  a  deep,  narrow,  impaiMahIc  canyon  in  quartzit«, 
diorit*,  and  other  exceedingly  resistant  t*rranc«.  twme  of  the  finest 
eanyon  i^^^ncrj'  in  Idaho  is  along  thio  poilion  of  Salmon  River  and  io 
the  fitill  greater  excavation  made  by  Snake  River  near  It^  mouth. 

Snake  River  CVnyon  between  the  mouths  of  Salmon  and  (iraitde 
Ronde  rivers  presenta  the  most  varied  and  instructive  expoaurwt 
of  tho  subla^-a  fonnations  to  be  found  tn  the  Nez  Perce  region.  Some 
aexjount  of  the  rotJt»  there  laid  bare  by  the  excavation  of  a  mighty 
trench  through  the  lava  and  deep  into  the  formations  on  which  it  restn, 
afl  wi'll  iiM  of  other  similar  outcrops  u  few  inile^^  tielow  the  moutii  of 
Grande  Ronde  River,  in  the  vicinity  of  HuSalo  Rock,  has  l>een  given 
in  a  pre\'iou.-i  publication,'  and  although  additiouul  fai^t^  are  here  piv- 
8ent«d  much  more  study  must  be  given  to  fiiis  itiHtructive  arm 
before  itn  complete  history  and  the  economic  importance  of  its  build- 
ing stone  :iikI  nn-s  ciiti  hv  iin-si'iited. 

liegiiiiiiiiy  iit  the  lirsl  cxpcisiin' ..f  t)i.-  suMjlvh  nicks,  in  iis.-ciKiirig 
Snake  Hiver  jibove  Lewiwton.  we  tiiid.  just  west  of  Wiiha,  on  the  rifjht 
or  eastern  liorder  of  the  i-anyou,  it  liold  bluff  of  ancient  porphyry 
which  de.scendM  to  the  river,  On  the  opposite  bank  there  is  a  snmll 
oHti-tii]i  iif  the  same  rock,  showing  that  the  river  in  deepening  its  nin- 
yon  in  the  laVa  sheets  was  lowered  onto  a  spur  of  ii  buried  niounttiiiL 
iinil  cnt  II  channel  in'ross  it.  The  precipitous,  monntain-like  bliiff  of 
ignecius  n.ek  (diorite-])or]»hyry)  referred  to  vises  3,31X1  fe«t  {anereid 
nicii.snrement)  aliovc  the  river.  P'rom  its  rounded  summit  a  nu>st 
instructive  view  i-ari  he  had  of  the  deeply  dissected  lava  plateaus alKiut 
it.-<  base.  This  bluff  is  iit  the  southwest  end  of  Cniig  Mountjdn. 
and  probably  fonned  a  small  steptoe  which  rose  above  the  levi'l 
of  the  last  sheet  of  Colniiibia  River  lava.  The  basement  rocks  form- 
ing the  bhiti  have  lieen  laid  Imre  by  the  erosion  of  (.'-aptain  John  ami 
Buffalo  Oreck  canyons,  and  are  well  exposed  at  Ilnffalo  Rock.  Thi' 
walls  of  Snake  River  Canyon  from  ab<ive  the  outcrop  of  old  igneous 
rock,'*  just  mentioned  to  about  1  mile  above  the  mouth  of  Grande  Rondo 
River  are  composed,  from  ba.ie  to  summit,  of  horizontally  bedded  lavii. 
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showing  that  a  deep  valley  in  the  old  land  surftu'e  was  there  filled  by 
the  lava  flows.  Upstream  from  the  mouth  of  Cirande  Ronde  River,  as 
briefly  described  in  the  publication  just  cited,  the  horizontal  lava  sheets 
in  the  canyon  wall  abut  against  cliffs  of  schist  which  form  the  precipi- 
tous border  of  a  buried  mountain.  The  side  of  the  old  mounluin  slopes 
at  an  angle  of  about  45  degrees,  and  is  free  from  debris.  Its  ])ase  is 
evidentlv  far  l>elow  the  level  of  Snake  River.  Kach  succ(\'^sive  laver 
of  basalt  extends  farther  and  farther  over  the  met4ini()rphic  rock,  until, 
at  a  height  of  2,50()  feet,  Ihe  sunmiit  of  the  old  mountain  is  covered 
and  the  horizontal  sheets  of  lava  above  it  have  an  aggregate  thickness 
of  not  less  than  1,50<)  feet.  The  stnitji  l>eneath  the  lava  are  genenilly 
inclined  northward  at  an  angle  of  40  to  45  degrees,  ])ut  in  ])laces  are 
nearly  vertical.  The  upper  layer  of  thin-bedded  limestone  contains 
indefinite  fossils.  Beneath  the  limestone  are  schists,  and  fai-ther 
upstrejun  an  immense  mass  of  compact  igneous  rock  of  the*  nature  of 
greenstone  (diorite)  is  exposed  in  the  cliffs  which  rise  steeply  from  the 
river  to  a  height  of  a  thousand  or  more  feet.  The  same  rock  may  ulso 
be  studied  to  advantage  in  the  small  tributary  canyons  which  come 
down,  with  steep  gradients,  to  the  main  stream  from  each  side. 
Farther  up  Snake  River  there  are  associattnl  with  the  greenstone 
extensive  outcrops  of  tine,  even-grained  diorite  (granite)  suitjible  in 
very  way  for  arch itectui'al  uses.  This  '*  granite'-  has  ])een  opened 
y  quarrying  on  each  side  of  the  river  near  where  Corral  Crei^k  joins 
;,  as  well  as  at  another  locality  a  mile  or  two  ])elow. 
The  rocks  beneath  the  basalt  are  exposed  in  the  lower  2J)()()  feet  of 
le  canyon  of  Snake  River  all  the  way  upstream  from  Corral  Creek  to 
[x>ve  the  mouth  of  Salmon  River,  ])ut  thev  weie  examined  bv  the 
riter  at  only  one  locality,  namely,  wlu^re  Cougar  and  Cottonwood 
reeks  descend  the  eastern  escarpment.  The  creeks  referred  to  are 
nail  streams,  fed  principally  ])y  springs  which  come  out  at  the  ])ase 
f  the  basalt,  but  they  have  cut  deep  canyons  in  sandston(\  shale, 
mestone,  and  diabase-porphyry.  The  strati HihI  rocks  art*  nmch 
isturbed,  Imt  in  general  the  beds  strike  about  northeast  and  south- 
est,  or  directly  a<*ross  the  course  of  Snak(>  River.  Tlie  di])  of  the 
eds  shows  great  variation,  indiaiting  that  the  bc^ds  were  distur])ed, 
irgely,  perhaps,  on  account  of  the  intrusion  of  porphyry  beneath 
nd  among  them,  forming  dikes.  The  sandstone  is  coai'se,  feld- 
pathic,  and  hard,  and  contains  well-rounded  })ebbh\s  of  dense  igneous 
3ck.  Certain  layers  are  exceedingly  coarse,  l)eing  in  reality  con- 
lonierates,  containing  water- worn  i)ebbles  (>  or  more  inches  in 
iauieter.  The  shale  is  fine-grained,  blai^k,  frequently  has  a  glossy 
Lirface,  an<l  on  w(»athering  breaks  into  sliver-like  fragments  a  few 
iches  long  and  a  f mction  of  an  inch* in  diameter.  Its  thickness  is 
vidently  gi*eat,  probably  a  thousand  or  more  feet,  but  owing  to  the 
isturbances  it  has  suffered  it  can   not  easily  b^  Yxveassvxt^^..    "^  \& 
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specially  well  exposed  along  <.'-ougftr  Creek,  where  it  imnu-dialely 
nderlies  tlie  iia^alt.  Limestone  oeinirs  on  Cottonwood  Creek,  and 
arms  well-detincd  layers  whidb  dhow  a  diversity  of  dips.  Al  ooe 
x«lity  thcst"  HtnLtH  have  &  thivknma  of  ubout  60  feet,  but  in  most 
<lac#K  they  extend  to  intKth  gi-eater  dtipths.  The  limestone  is  eomiuct, 
.luitih  in  eolor,  and  without  reeogiiizHblo  fossils.  The  varietv  of 
ocks  lit  the  liK-ality  referred  to  and  the  abundant-e  of  g<K>il  i-xposiiit* 
lake  it  a  fMvomhle  pliui'  for  a  detrtiiwi  wtiidy  of  the  geoltigy  ami 
npography  of  the  old  land  over  which  Ihv  Coltiinhia  River  hivu  >vas 
utpouivd. 

In  Snak()  Kiver  tknyon,  near  the  mouth  of  SiLlmon  Uiver,  quartsiM 
nd  dioriti^'  arc,  expuHcd;  and  the  trenchen  eut  through  the  basalt  anil 

thounand  or  more  feet  into  the  underlying  termiies  liecom*  nar- 
ow,  with  exeeediiigly  rugged  and  precipitous  walls,  where  the  older 
wkn  are  exposed. 

The  geologic  age  of  the  Mediinentary  beds  referred  to  aa  oiTorring- 
n  the  canyon  of  Snako  River  i»  unknown,  but,  judging  from  the  fe(r 
ibscure  fossils  obtained  and  from  the  result  of  Ijiidgren's  studios  in 
chat  i»  probably  a  southern  extension  of  the  name  terranes  in  Sever* 
devils  MoiintainM.  tliey  proliahly  belong,  in  part  at  least,  to  the  dr- 
touiierouct. 


\ 
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COLUMBIA  RIVER  LAVA. 


On  the  preceding  pages  many  roferent^js  have  been  made  to  tie 

fnrniutioii  hiTv  spr.'inljy  ccirisiilei'i'il,  Ui<-  iviisi.n  bfiiij,'  dial  it  fornix  so 
iui]nirtiuit  u  fi'uluiv  ill  lioth  tlie  ^'etilo^^y  iirifl  goognipliy  of  tW-  North- 
Tvest  that  but  little  niii  be  writlori  iibnut  t!ie  natural  (.-onditions  and 
economic  development  of  thjil  ri't,'i(iii  without  frrcpient  reference  to  it 
The  rocks  here  tt-nned  the  Coluinlii!i  Uiver  liiva'  are  expowed  iiku'It 
everywhere  in  the  canyon  wuUh  of  the  Nez  Pen-e  region  to  the  weal 
of  the  Bitten-oot  Mount^ini^.  and  are  familiar  to  all  of  its  inhabitant.-. 
They  were  poured  out  in  a  molten  eondition,  and  hence  come  iiTidoi' 
the  general  meaning  of  the  term  lavH,  but  more  definitely,  and  frniii 
the  point  of  view  of  the  petrologist.  they  should  be  designated  hiis:ilt. 
Kither  of  these  terms  may  be  used  in  vefei-ring  to  them. 

The  lava  in  the  region  under  review  is  a  part  of  a  t^-n-anc  that  i> 
among  the  most  widely  distnbuled  of  the  geologic  formations  of  tUo 
continent.  Its  exa<t  tHJuiidaries  have  not  l>eeii  traced,  but  enough  is 
known  eonceining  them  to  determine  approximately  the  area  it  occu- 
pies. It  lies  almost  entii-ely  within  the  drainage  area  of  Columbiu 
Uiver,  for  which  it  is  named,  fonuing  the  surface  over  nearly  the 

■In  prevl(nuin;pnrlslh<»li)rnmtlDii  hnKbvcii  lenniol  <Wiiiiilii'ii  iniit:  l)u(  lo  arolil  niDliuiim  uliti  i^i 
eVumi/n/orm/iiloa  ol  IIlc  AIluDIii'SlAiis,  It  but  Ih/cu  i1i<iiii{bt  li>»l  lu  irtuuigv  Uii:  lumc  lu  i.i.JiifijM<i 
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whole  of  Wjishington  and  Orej^on  to  the  wist  of  the  crest  of  the 
Cai?cade  Mountains,  and  extending  into  Idaho  until  it  meets  the  older 
formations,  principally  mic^-bearing  metiimoi'phie  rocks  and  old  erup- 
tives  which  form  the  Coeur  d'Alene  and  Bitterroot  mountiiins.  The 
same  great  series  of  lava  sheets  ext^^nds  into  southern  Idaho,  where* 
they  have  been  deeply  trenched  by  Snake  River.  The  areii  of  tht^ 
formation  is  estimated  to  be  200,000,  possibly  250,000,  scjuare  miles, 
and  its  greatest  known  thickness  more  than  4,000  feet. 

The  lava  was  outpoured  at  successive  intervals  embnu'ing  a  long 
period  of  time,  as  is  shown  by  the  occurrence,  at  sevenil  horizons,  of 
layers  of  sedimentary  material,  principall}^  cla^s  and  sand,  between  the 
lava  sheets.     In  places,  also,  the  lava  sheets  are  separated  by  layers  of 
volcanic  dust  <'ontaining  the  silicified  trunks  of  trees  which  grew  on 
a  soil  formed  by  the  decay  of  the  underlying  layer,  thus  showing  that 
the  intervals  between  the  flows  were  in  some  cases  a  century  or  more 
in  duration.     The  lava  came  through  Assures  in  the  earth's  crust — in 
what  are  known  as  fissure  eruptions — and  spread  widely  over  the  land, 
from  which  it  is  evident  that  each  slu^et  was  spread  out  horizontally. 
The  movements  that  have  occurred  in  the  layers  since  they  cooled  and 
hardened,  and  which  have  caused  them  to  be  deformed  from  their  orig- 
inal horizontal  position,  can  be  studied  in  the  same  way  as  the  struc- 
ture of  sedimentary  beds.    Although  the  lava  sheets  are  still  essentially 
horizontal  over  broad  areas,  they  frequently  have  gentle  dips,  and  in 
certain  regions  are  tilted  and  even  sharply  folded  and  faulted.    On  the 
eastern  slope  of  the  Cascade  Mountains  the  lava  sheets  occur  with  a 
dip  to  the  eastward,  for  long  distances,  of  8  or  4:  degrees,  showing  that 
a  large  part  of  that  range  has  been  elevated  to  a  height  of  at  least 
6,'X)0  feet  since  the  lava  was  poured  out.     Similar  but  less  extensive 
defonnations  have  also  occurred  on  the  eastern  side  of  the  lava-covered 
country,  as  will  be  described  fuither  on.     Hetween  these  !)ordcring 
areas  is  the  region  of  the  Great  Plains  of  the  Coluni!)ia,  and  south- 
t^ard  from  it,  in  Oregon,  the  lava  sheets  have,  in  general,  been  but 
ittle  disturl)ed  from  their  original  horizontal  position,  although  a 
ubsidence  of  three  or  four  thousand  feet  has  probably  taken  place, 
extensive  movements  in    the  earth's  crust  occurred  also  at  certain 
periods  during  the  time  the  lava  sheets  were  being  formed,  as  is  show^n 
lear  C'lealum,   Wa^ihington,  on   the  ea.stern  slope  of   the  Cascades, 
sphere  the  upturned  and  eroded  lower  portion  of  the  formation  is  over- 
Eiin  unconformably  by  later  sheets.     How  widely  extended  this  uncon- 
onnity  may  be  remains  to  be  determined. 

The  fact  that  the  Columbia  Kivei*  lava  came  to  the  surface  through 
issures,  as  molten  rock,  and  that  it  spn^ad  widely  over  the  land,  is 
hown  not  only  by  the  generally  level  condition  of  much  of  its  surface 
18  it  exists  to-day,  and  by  the  absence  of  volcanic  mountains,  cinder 
ones,  etc,,  in  connection  with  it,  but  is  demon^tt^Xft.^  \w  '8s.  \s\<^^V 
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instructivo  tiiaoner  wliero  dcniwlatioii  lias  expos«><l  tticdtkL-N  funucdhj 
the  cooling  nf  thn  litiuid  mii|riim  in  the  tiitsiiiTiH  thntugh  which  it  ww 
forced  to  th(>  surfiuw.  Ovt<r  auurcuof  at  liiast  -tC)  square  tuilee on  thj 
eastern  nlopn  of  the  OaMcade  MouiitainH  in  Wotihiii^toii,  to  the  south  a{ 
Mount  Stuart,  the  lava  lias  Ik>uii  tttitdcd  iiwaj'  rto  as  to  \\\y  tmrr  Ihl 
rocks  on  which  it  formoriy  nuited.  In  the  surface  thoro  t'xposod  macq 
hutidrt-dM,  probably  thnusundx,  of  dikiv«  arc  to  Ih<  Ht>«ii.  Tluvwdikra 
fompowKl  of  donw  Inuialtic  rock,  raiigo  in  thickne^M  from  a  few  (m 
to  ItM  or  more  fwt,  Imt  in  general  thny  are  from  l.'i  to  fiO  fi!«t  afross 
They  sfatni)  nc-urly  vort i»kl.  usually  with  a  slif^t  intrlination  to  the  west 
ward,  and  in  gpueral  trond  about  N.  15*^'  E,' 

The  vast  lava  flowm  just  wjnsidercd  .sproad  over  \\\k  laTxl  surface  lik 
an  inundation,  covcrini;  the  broad  plainH  and  nxtondtn^  far  int*)  th 
vuUuys  pruviomily  i^rodod  in  the  i«lopvN  of  tliv  bordering  niounbiiru 
^^Ithough  thi^  lava  is  of  vohnnic  origin,  itt*  »urffl4?«  presniitM  mnrke 
uonttii^tji  to  the  topographic  changes  produced  by  erutitions  throng 
definit«  and  circuniwiribed  vent**,  Voloinoes  generally  t«iKl  to  roughe 
the  surfaec  wbor«  they  oci-ur,  and  to  build  up  iiioiintAinH,  thus  inen'W 
ing  the  divarflity  of  the  relief.  Fiswuro  eruptions,  on  the  other  haw; 
owing  t^i  th*i  vout  volumes  of  liquid  i-m^k  pMured  out,  tend  to  ^pnia 
out  wid<^ly  and  to  obliterate  the  incquslitJeH  of  the  land  over  whic 
they  flow,  and  pi-oduec  horizontal  wurfaww.  For  this  roMon  It  in  mI 
to  assume  that  the  eotire  n^ion  occupi<Ml  by  the  Coliinibn  Biver  \\vi 
yn/i  a  moDotanoiiH  plain  nearlv  as  level  a^  the  (xsean's  sarfeen  at  lb 
timenirlisu,-.T«sivr.-.h.'i't<.fim,lterin"'li  wa-Miitpnuivd.  T!„' -=111^1. 
was  MO  doulit  rougii  and  strewn  with  bmkcn  fragment:;  of  thi'  tii>t 
forine<l  erust,  :ind.  !»-s  eixiling  iirufjri'ssi'd.  it  Wiis  in  places  fon'i'd  11 
into  mounds  and  low  ridgi-s,  whii'li  wi-re  prubably  ei-aeked  open  iitth 
top.  us  is  tbi-  ease  lo-duy  i>n  the  very  fresii  luvu  sheets  forming  the  Sniik 
River  jiUiins;  but  tlies<>  small  features  would  not  detnict  from  the  <ri'r 
I'nil  monutdny.  Ajrain.  some  ili\ersity  of  siirfaci;  was  no  doubt  \>n 
duced  iiwing  to  the  uriei]u»l  extent  of  the  vtiriousliiva  flows.  Althou^; 
individual  sbeets  ai'e  knnwn  1<>  have  a  great  area — their  edges  -. 
exposed  in  canyon  walls  in  many  instances  l^eing  traceable  for  a  scoi 
or  m(ire  of  miles  without  noticeable  vai'iutions  in  thickness  and  witl 
out  any  indications  of  approaching  a  limit — it  is  not  to  he  supposi 
that  eacb  one  bud  precisely  tlie  same  extent  as  its  p|-edwessor.  ai 
dirt'erciiccs  In  elevalion  from  this  <'ause  are  tu  lie  sunulsod. 

Where  a  lava  sheet  was  tliirkesi  a  greater  amount  of  vertical  shrin 
age  on  cooling  would  occur  tSian  where  it  was  thin,  and  insuchdepn 
sions  shallow  lakes  would  form.  The  greatest  influence  on  the  strean 
however,  occurn-d  from  the  fact  that  the  lava  invaded  the  lowlaii 
an<l  enterc<l  the  lower  portions  of  the  valleys  in  the  mountains,  tb 
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ructing  the  di-ainage  and  furniHhing  conditions  for  the  origin  of 
isive  lakes.  The  truth  of  this  deduction  is  verified  hy  the  pres- 
of  lacustral  deposits,  some  of  them  of  great  thickness  and  wide 
it,  interbedded  with  the  lava  sheets. 

c  age  of  the  lava,  as  determined  principal!}'  from  the  fossil  plants 
lined  in  the  sedimentary  layers  and  beds  of  volcanic  dust  inter- 
ified  with  it,  is  Tertiary.  It  seems  to  have  l>een  outpoured 
ly  during  the  medial  division  of  the  Tertiary,  or  during  the  Mio- 
epoeh.*  The  time  when  the  eruptions  ceased  has  not  l)een  deter- 
1,  and  if  the  lava  forming  the  Snake  River  plaiiis  in  southeastern 
)  is  included  in  the  same  formation  as  that  of  the  centml  portions 
regon  and  Washington,  it  will  probably  be  found  to  extend  into 
'ertiary,  or  possibly  into  the  Pleistocene  division  of  geologic  time, 
the  history  of  the  Columbia  River  lava  Nez  P(»rce  County  and 
ountry  adjacent  on  the  cast  occupy  an  import^int  place,  for 
the  lava  met  the  mountains  which  form  the  eastern  border  of 
egion  it  inundated.  Although  the  western  shore  of  the  sea  of 
n  rock  in  the  same  latitude  is  not  definitely  known,  it  was  to  the 
of  the  present  crest  line  of  the  Cascade  Mountains  and  at  least 
liles  distant. 

3  lava  is  well  exposed  in  the  canyon  walls  throughout  the  region 
•  consideration,  all  through  the  Palouse  country  and  the  (ireat 
s  of  the  Columbia  in  Washington,  and  throughout  central  and 
m  Oregon.  In  the  central  portions  of  each  slie<»t  the  rock  is 
ly  compac^t  and  massive,  nearly  black  in  color,  and  is  t3-pical 
;.  As  determined  by  J.  S.  Diller,*  it  is  composed  of  plagio- 
augite,  olivine,  and  magnetite,  with  considemble  globulitic  base, 
xception  to  the  prevailing  characteristics  of  the  lava  occui's 
e  rock  on  the  eastern  side  of  Snake  River  Can  von,  at  Corral 
:,  and  again  near  the  junction  of  Snake  and  Salmon  riv^ers.  At 
of  these  localities,  at  a  depth  of  alK)ut  2,000  f(M»t  below  the 
f  the  formation,  there  are  exposures  of  a  sheet  of  black  rock, 
90  to  100  feet  thick,  which  contjiins  crvstals  of  lal)i*adorite  an 
or  more  across.  Below  and  above  this  sheet  are  lavei*s  of  the 
il  and  in  places  markedly  chanicteristic  Columbia  River  lava. 
J  central  portions  of  thick  sheets  the  rock  is  frequently  columnar 
•ucture,  illustmted  ])y  a  conspicuous  example  at  w  hat  is  known 
Candle  Rocks,  on  the  left  bank  of  Snake  River  about  3  miles 
Lewiston.  While  the  central  portions  of  the  sheets  are  hard, 
let,  without  steam  holes,  and  frequently  are  conspicuously 
d,  their  upper  and  lower  portions  are  irregularly  and  con- 
[y  jointed,  and  usually  are  scoriaceous.  The  scoriaceous  layers 
kely  to  be  of  a  reddish  color;  oc^casionally  they  are  bright  red, 

» F.  H.  Knowlton,  Bull.  U.  8.  Ocol.  Survey  No.  IW.  pp.  lOS-UK. 
*Wmter-8upply  and  Irrigation  Papor  U.  8.  QeoV.  Sxirre^  l^o.  V  v-  *^* 
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Mile  to  tba  oxicUtioa  of  ihn  iron  which  tlicv  i^oDtain.  The  Dumber  itf 
Bepamte  sheets  in  nn  ttxpcwurc,  n»  iu  the  whII  of  a.  cunyon,  fotuuii- 
ple,  is  luiuully  difficult  to  dftcmiino.  on  atx-ount  of  ihv  disintogntiofi 
tbHt  has  cii-curmd  and  bcciiuMt  of  the  prcviilfliice  of  UiluH  xlt^w  iukI 
landHlid(>H,  but  ivn  npproxiuiutioii  tu  thu  Hctual  nuiulHT  ran  b^DBulp. 
>  by  Cduritini;  the  laynrH  whom  tho  fook  U  !<ut1ii!it>ntly  ituisHivi^  to  Kteud 
I  "in  vertical  walli^.  On  tliii  xidcs  of  Snakt^^  Hivcr  C'auyon  between 
I  Aeotiii  and  the  mouth  of  (imndo  Itonde  Itiv^r.  where  the  clitt"  are 
LBboul  ■i.OOt)  tovt  high,  from  I'i  to  lA  Hhecbs  of  Invu  arc  cxpuiwd.  An 
['Utimate  made  in  the  Name  canyon,  near  1,'ori-al  Creek,  by  coiialanff  thfl 
kyora  of  ucoriauHius  nwk,  gave  a  still  Inrf^cr  number.  Th«  Ut{^i)K> 
of  the  Hheetti  in  in  general  from  5i)  to  15l)  feet.  The  appenranw  of 
Ibe  edgCK  of  the  lav-a  sheet*  expiwMl  in  the  walls  of  the  nuBl«nji» 
canyonH  excavated  in  it  is  well  shown  in  Pis.  IV  and  V,  li.  which  aL« 
Indicatt;  th«  extent  to  whii-h  they  are  conwjiled  iH'iieAth  their  »m 
I  d^briit.  On  the  curfiKf  of  the  plateaus  Ijetwwni  the  iiuiyoRH  eurb 
fdocp  de<^»y  has  <H-vun'ed  tiiat  usually  no  hard  rcK-k  ix  net^n.  la  fiut 
ue  mig;ht  travel  many  [uilo^  thntiigh  the  ciillivnttMl  Helds  aboVe  tin 
,Ta  without  finding'  a  fragment  of  rock  of  sufficient  si/e  U>  xhiiw  it; 
wmmon  fentuivis. 

The  feature  of  the  lava  which  is  of  greatest  interest  in  (x^unoction 
ith  the  potssihiliticM  of  obtaining  artejtian  wat«'r  in  iU  texluRv  L^  it 
ifii<;icntly  porous  to  permit  water  to  pei-eolatc  tiirough  it,  or  idiould 
be  clafuted  a»  impervioa^t  The  compact  portions  of  the  rock  should 
no  doiiht  Im-  rousiacivd  ini].crvimi>:  hut  it  is  -u  -■.■iimillv  l.rnkci  ijito 
blocks  <.r  culiiiunr..  )<y  jniiits.  ]),:„  liir  iii.ilily  u(  rv,-n  ihirk  .-ll.-rl. 
to  retain  water  in  n  lower  porous  liivci'  iin(icr  pressure  is  doulit*sl, 
The  sctiriaceous  surfuccs  of  llic  sheets  where  Ilu'y  come  in  contact  are 
sulfii'icntly  opt.-i\  to  permit  the  reiidv  p:issiifre  o!  watei'  through  them, 
anti  if  interliedded  with  chiy  or  some  similni'  mat^-'riul  they  would 
furnish  one  of  the  rc(|uisiti?  eoMflitioii>  for  flowing  wells.  In  this  eon 
neetioii  the  sheets  of  volciuiic  dust  urid  the  )ieds  of  sedimentary  mate- 
rial interstnitilied  with  (he  hii.,iiit  ileuiuml  ctirvful  study. 


Between  the  slicef>  of  (.'ohnnhiii  Hivcr  liivii  then-  arc,  al  seveml 
localities,  hedsof  nlmosl  ]nir<'  white,  hne-grained  volninie  dust,  which 
was  blown  out  of  some  distant  viili-iirm  and  widely  spread  over  tlit 
land  through  the  iigency  of  the  «irKi,  Exjtosurcs  of  this  material, 
known  locally  us  mugncsiii.  oci-ur  beneath  the  Candle  Rocks,  on  the 
leftluinkof  Sriiike  Itivcr  below  Lewiston:  ncur  Swallow  Rock. between 
Clarkston  tuid  Asotin  :.m  As.>(iii  < -reek,  iiboiil  jD  miles  fr.-ni  itsninnth; 
on  Oiptain  John  Creek;  ;it  several  humidities  in  the  canyon  <if  (iiaado 
Ronde  River:  and  iit  a  muubci'  of  pUu-cs  un  eiich  side  of  Potlutcb  Can- 
J'on.     Tbv  CA'jJosiii'fs   referred  to.  w\i\c\i  di^cuv  «)\\  xVvi  -kvA  AAv  \\< 
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'  River,  probably  belong  to  a  single  sheet,  the  position  of  which 
>ut  200  feet  below  the  surface  of  the  topmost  layer  of  lava  as  it 
I  to-day;  but  most  of  the  expasures  are  in  landslides,  and  the 
position  where  they  occur  in  place  has  not  been  determined, 
videuce  seems  to  indicate  that  in  the  region  under  review  there 
veral  layers  of  volcanic  dust,  some  of  them  mingled  with  sedi- 
ry  material.  These  deposit**  are  of  spe(»>ial  interest  in  connection 
:he  question  of  obtaining  artesian  water,  as  the  coarser  layers 
particularly  are  sufficiently  iX)rous  to  pc^nnit  water  to  percolate 
fh  them.     This  is  shown  not  only  by  their  texture  but  by  the  fact 

c^ertain  instances,  where  their  edges  are  exposed,  springs  come 

surface,  the  water  having  a  peculiar  opalescent  or  slightly 
i-ppi^arance,  due  to  the  exceedingly  line  particles  of  dust  held  in 
»ion.  These  layers  frequently  contain  fossil  leaves,  which 
excellent  illustrations  of  the  nature  of  the  varied  and  luxuriant 
hich  clothed  the  lava  plain  at  the  time  the  dust  showei's  occurred, 
*o  serve  to  define  the  stratification  of  the  lava  sheets  with  which 
re  associated,  and,  further,  they  are  of  economic  importance,  as 
i  shown  further  on. 

r  the  heads  of  many  of  the  small  streams,  particularly  at  the 
extremities  of  small  gulches,  down  which  there  is  only  an  occa- 
flow  of  water,  there  are,  throughout  a  wide  extent  of  territory 
tern  Washington  and  adjacent  portions  of  Idaho,  small  surface 
its  of  fine  white  material,  usually  designated  by  herdsmen  and  oth- 
alkali.  If  examined  under  a  microscope,  however,  this  material 
e  found  to  be  composed  of  small  angular  grains  and  shreds  hav- 
glass-like  appearance;  to  be,  in  fact,  volcanic  dust,  which  chem- 
lalyses  prove  it  is.  The  deposits  referred  to  are  usually  from  a 
iches  to  6  or  10  feet,  possibly  more,  in  thickness.  Characteristic 
pies  occur  on  Cottonwood  and  Cougar  creeks,  which  flow  into 
J  River;  about  the  mouth  of  several  of  the  small  gulches  opening 
he  canyon  occupied  by  China  Creek,  and  elsewhere,  particularly 
'  southern  portion  of  Nez  Perce  County.  In  all  of  these  instances 
ust  has  accimuilated  in  alluvial  cones  or  flood  plains  near  the 
IS  of  gulches  which  are  usually  dry,  and  has  not  been  noted  where 
mditions  favor  rapid  tmnsportation.     Evidently  it  was  })rought 

by  brooks  and  rills  flowing  through  the  small  ravines  and 
3s  at  the  mouths  of  which  it  is  now  found,  and  was  deposited  at  a 
'j  date.  The  probable  explanation  of  these  occurrences  is  that  a 
shower  of  volcanic  dust  occurred  ovei*  the  Northwe.stern  States 
any  years  ago,  and  that  the  material  has  been  washed  from  the 
»r  slopes  and  in  part  accunuilated  in  the  flood  plains  and  alluvial 

of  small,  particularly  of  intermittent,   streams.     The   larger 
ns,  which  nmst  also  have  received  their  share  of  the  material, 
able  to  carry  it  away,  evidence  of  the  shower  is  now  to  be  found 
jRR  53—01 3 
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'ninliK«lihi-  where  tJi»  Ixtriri^  whh  put  dowu  is  near  tbcnurlbim 
wrdurof  Uiu  plHb-uu  U^nui'xj  in  tlii«n-p(irttfacLcKiitton  F1st4«ii.  kIih-]! 
it  thet  pliuw  nlopen  gpiitij-  downward  toward  the  tmuth.  in  i-<»nfonoity 
with  tbv  dip  ot  th<^  Ktnitu  Ix-iicjith  it.  Tu  thv  nortJi  of  On-  »it<'  vf  the 
■xmng,  and  from  a  <juart«r  to  a  lialf  mile  distant,  is  the  brink  of  the 
(outh  Willi  of  till-  ri»iiy<»n  of  dcjtrw«t»>r  Uivt^r.  in  which  arc  i-xjuj^-^d 
■.he  HcdiuitiiiUtry  licds  peiiotmt^d  in  Miakin]^  Ibe  well.  At  thin  Um 
irid  Htthf.  hi-ad  of  u  Hiiiail  mviuo  ojN-ntug  nurthward  into  the  m 
it  Cleai-wttt«r  RivBt,  a  «t>pioiis  nprin{f  oulUows  at  tho  contarl  of  Un 
layer  of  wiiid  with  tlift  ulay  lM'ii<>ath,  which  has  lieco  enlargi'd.  hy  "-xm- 
ratioD,  HO  VA  Ui  Kupply  a  nBigliboring  fanu  witb  wat«r  f<tr  boll^phold 
.inc.  and  irri^rntion.  Thin  Hpring  in  tyjiii-al  of  a  Wrgc  nunilH-r  of  tipriiij^ 
n  the  Nt'K  Port.'c  r«gion,  and  it  will  he  referred  to  again  in  connection 
with  certain  HUggcMtions  for  innreoHing  aud  utilizing  Che  waters  of 
ioan-  of  tlip  porouM  sodinientury  layers  which  occur  between  the  lava 
ihe«t*  by  excavating  "horizontal  wellw." 

The  ftedimeiitary  ln^dn  jx-netrati'd  in  drilling  Small'ri  well,  and  which 
»re  exposed  in  the  neigWwring  gulch,  ean  lie  traced  over  a  large  extent 
rf  country  in  the  northern  and  western  portions  of  Nez  Peroe  Countr 

IUmI    >,i\\:u'.-u\    |>n|-|int,.    nf    \\'r(-lii,i^N  ,,11    ,HI<1    (1iv<r..li.       TllcV    lMnl,:,!,|v 

<>xtcri,l  i.i.l«iinl  tn  tUr  r.»,ll)ilU..r  III,.  Hittcnn.it  M,mi,t:',iH-.  I.ur  ;v- 
tli,'r,-:in'<,lli,'r»iinll;ji-|iivt'is  i.i  llntt  n'-l,.ii  tlicv  lii.v,'  m)t  Invu  id.'iili- 
li,,l  ra.-l  ,.l'  Cmi'T  Moiihtiiiri.  All  i,l,,iijr  tlir  ^i,l,.>  ,if  tb<'  .■aiiv,,ii  ,if 
Sri.ik.'  Hivi'i'  fn.in  n,'iir  l„.uiM..ii-('liirkst..ri  t..  Hiilliil.-rn-.'k  ,,<i  lli.'  i-.i-t 
i.ml  U>  111,'  l<r,-..k.^  ,.f  (in.iul,-  l!,pml,.  ( ■(invi.n  <iii  tlic  w,■^l.  a>  «vll  n^m 

Uic  ni.ics  nf  111,-  .■niiy.,]i>  of  (li,-  vnrioiis  l.niiiclic^  of  Asoliii  Ci k.  iirnl 

nf 'l'iiitiiiiiin,\,  SwiTtwiiliT,  iirid  Liiiiwiii  nvi'ks.  Ilii'  siTlinirnliiry  I..-.I. 
refcnyd  U>  iiiv  pliiinlv  r,'V,'ulc,l  in  tin-  (ii]iojrj-!i].!iv  ,if  the  ,>iiiivoii  «iill>, 
'I'h.-  Uii^iill  iiIm.vv  tliCM'  I"-ds  1ms  Ih-cm  .■I'od.nl  Tii-.r..  rupidlv"  tli;m  tli,> 
hivcrs  Ik'Iow.  l.'iiviMH  a  Icnwc  which,  iiltlu.iiirli  usuiillv  hciiviU 
onciillilicnTl  with  tulus  :iik!  landsliilcs.  v.in  iviidily  l.c  ,listinir"i>ih<i:' 
Till-  liTnicc  .'Xtciids  iiitonifh  side  jriilch  whichoiiens  out  iiilo  th.^  main 
ciin.von.s,  iuhI  lU'iir  tli,'  li,-ndf^  <jf  tli,--.'  jrulchcM  there  frc.jiiciilty  i-  ^i 
spritijr-  Th,'  posilion  ..f  tli,-  t.Tnicc  iu  refen-ncH  lo  theMirfaro  ,,f  th.' 
adJHCi'iil  pliili'iiii:-  l»'t\v,'eti  th,'  (lriiiiiiit,'c  lines  varies  fnini  l'UO  I,.  ;1mi 
feel.,  This  viiriiitioii  is  due  in  part  to  inacciirai-ii-s  in  deti^rmiiiinir  [irc- 
ciKcly  «h,Te  (lie  hiise  of  tlii'  soft  lic<ls  occurs,  owing  to  t!ic  d.'liri-.  that 
isi,}iii">r  iiivnnalily  i)n-seiil.  iind  to  the  ditrcrenecs  in  weathering  whii'li 
till} phityiiiis  liiiVi'.  i'.\periciice(l.      U\  vuicvmA  u\va*\vv«nw\\\.  VW, \.i:Yvu.ce 
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on  the  east  border  of  Snake  River  (iiiiyon  near  Waha  is  20()  to  220 
feet  below  the  general  level  of  the  adjacent  plateau;  on  the  }K)rder  of 
the  canyon  of  Asotin  Creek  it  is  370  feet  }>el()w;  and  on  the  ('learwater 
escarpment,  which  fonns  the  south  border  of  the  Tniontown  Plateau,  it 
isaUmt  250  feet  below.  The  identification  of  tln^  sedinicntarv  layer 
which  determines  the  presence  of  the  terra(»c  referred  to  is  in  places 
rendered  somewhat  difHcult,  owing  to  tlu»  presence*  aiM)ve  it  of  another 
layer  of  similar  material,  which  is  separaU^d  from  it  hy  a  sheet  of 
basalt.  The  nature  of  these  irregularities,  which  are  to  be  exp<>cted 
in  so  large  an  area,  is  shown  by  the  following  section,  obtained  in  the 
•  south  wall  of  Asotin  Canyon  nearly  opiX)site  the  mouth  of  George 
Creek: 

Secfifm  in  AMttin  (Unyon. 

Feet. 

Soil  on  the  slope  descending  from  tlu?  plaU'iiu  siirfacf,  with  blo<*ks 

of  basalt,  exi)oeure8  poor 120 

BaHalt,  forming  a  well-deiintHl  rim  rock 35 

Sedimentary  beds  containing  a  hiiye  variety  ot  wcll-round('<l 

f  pebbles,  some  <»f  them  3  to  5  incheH  in  diainctor 110 

Basalt,  forming  a  bold  escariimeut,  in  places  broken  off  and 

fallen  in  landslides 150 

Sedimentary  bed,  noft,  apjuirently  clay 140 

Basalt,  scoriaceouH  at  top  and  bottom;  cf)m]uurt  in  <-(MitraI  part, 
but  showing  4  or  5  ))artingH  on  weathen^l  hIoih'h 3tK) 

Total 955 

The  thicknesses  given  in  th(»  foregoing  s(»ction  are  oidy  approxi- 
mately correct,  as  the  contacts  are  seldom  sharply  defined.  Judging 
by  the  plateau  surfaces,  the  upper  lay(>r  of  basalt  on  Asotin  Creek  and 
at  Small's  farm  are  the  same,  but  the  sedimentary  In^ds  at  the  former 
locality  are  sepai*ated  by  a  sheet  of  basalt  ai>out  150  feet  thick,  and 
their  aggregate  thickness  is  KK)  feet  more  than  at  the  s(M*ond  locality 
referred  to.  A  tentative  explanation  of  these  ditlVn^nces  is  that  a  lava 
flow  occurred  in  the  Asotin  region  which  did  not  reach  as  fai*  to  the 
northeast  as  the  locality'  where  the  drill  hoh*  was  put  down  at  Small's 
farm,  and  that  to  the  east  of  Lewiston  this  lava  flow  pnicti<*ally  sepa- 
rates the  upper  or  sandy  memlxn*  of  the  s(Mlimentary  IxhIs  from  the 
lower  or  clayey  member.  The  writer  conf(»sses,  however,  that  the  dif- 
ence  may  be  owing  to  errors  of  observation,  as  the  natunil  exposure's 
ol)scure  and  are  largely'  inti>rpreted  from  top()gra])hi(^  forms. 

What  is  prolmbly  a  part  of  the  sedimentjirv  beds  just  considered 
<xx^urs  on  the  south  side  of  the  Blue  Hills,  in  the  walls  of  the  c^xnyon 
of  Grande  lionde  River,  but  there  it  appears  to  be  thick(»r  than  in  the 
vicinity  of  Lewiston,  and  it  carries  one  or  more  beds  of  lignite.  Its 
presence  in  the  locality  referred  to  is  shown  not  only  by  actual  out- 
crops, usually,  however,  in  landslides,  but  in  a  conspicuous  manner  by 
the  topo^raphj'.     On  the  north  side  of  th^  Tivei:,  '^Yi^^^  \5afc  ^\?rdK}^  ^v^ 
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toward  it  at  ii  low  angle,  there  have  been  a  great  number  of  large  land 
slides,  Init  on  the  soutii  side,  where  the  strata  dip  away  from  tJi 
face  of  the  precipices,  the  cut  edges  of  the  hed.x  stand  nearly  yertical 
and  the  presence  of  the  soft  layer  near  the  summit  is  revealed  hy 
we  11 -defined  tetracc. 

An  important  feature  in  reference  to  these  sedimentary  beds  is  ttu 
when  two  bods  are  present,  s^  along  Asotin  Creek,  the  upper  portio 
of  the  fonimtion  is  composed  of  sand  and  gravel,  and  is  so  open  thi 
water  could  flow  freely  through  it.  In  many  instances,  as  on  the  i>si-M\ 
meat  forming  the  south  border  of  the  Uniontown  Plateau,  the  gran 
containH  well-worn  pebbles  5  to  H  inches  iu  diameter.  The  lower  poi 
tion  of  the  fornmtion,  however,  isclay-like  and  ia  practically  imperviou 
Water  descending  into  the  sandy  and  gravelly  portion  of  the  forna 
tion  is  arrested  by  the  basalt  or  the  clay  beneath  it,  and  there  flofl 
latemlly.  thus  ae^xiunting  for  the  springs  which  appear  where  the  Iwc 
are  cut  by  canyons.  These  springs  occur  at  only  c-ertain  localitia 
especitiily  near  the  heads  of  small  gulches,  aa  in  most  places  the  ou 
crops  of  soft  beds  are  covered  with  loose  material  which  ha.s  falle 
from  above.  The  large  numl>er  of  canyons,  which  have  been  cut  to 
greater  depth  than  the  Ijase  of  the  sedimentary  beds,  in  most  instaact 
precludes  the  [Kj-ssibility  of  their  receiving  wattir  from  the  mountaioi 
and  all  of  the  water  which  issues  as  springs,  or  which  may  be  obtaine 
by  exca^'ating  tunnels,  must  be  supplied  by  the  local  rainfall.  An( 
on  ACoount  of  tJie  deep  dissection  of  the  plateaus,  it  is  not  to  be  expects 
that  the  water  in  the  porous  beds  wferred  to  could  exist  under  siifi 
cient  prc^.'-itre  to  supply  artt'siaii  wells. 

At  Denver  mid  ('..tloiiwimd.  situated  < 
the  region  o<rupicd  liy  the  Columbia  Uivi 
fnmi  S  t(i  U>  niili'^  fi'oiu  its  ciistcrii  In 
ivcords  of  whicli  will  lie  pn^scnt.-d  fui'tl.ci 
show,  in  ciiinicitioii  willi  naluriil  exposure 
widls  (if  Mcifrhboring  ciuiycus.  that  seciiiucntiir 
thickness  underlie  the  surfiu'c  sheet  of  I 
surfa<v  laverof  litisjilt  is  fr.nii  (Jl)  to  Tn  feet 
iind  rests  on  a  sheet  of  gravel  whi.'li  has  1>, 
."iti  feet  without  rcarhing  its  l>use.     At  Dcim 

liave  been  made,  the  surface  sheet  of  basalt  apjM'ars  to  In-  brokcu  ar 
largely  disintegrated,  as  the  drill  pcncli-atert  only  hxise  material  to 
ili'ptii  of  about  I'd)  feet.  T(-rraccs  oil  the  sides  of  canyons  and  i«-c 
sioiia!  outcrops  in  their  walls  in  the  sanie  region  indicate  thai  over 
large  portion,  perhaps  the  whole,  of  the  Camas  Prairie,  layi-rs  of  npi 
and  p(u-ous  sedimentjiry  niatei'iai  are  jirubably  present  beneath  tl 
surface  sheet  of  Iwsalt, 

Along  the  canyon  of  the  South    Fork  of  Clearwater   River,  fro 
Stuart  to  the  ricinit_\'  of  Peck,  t\\eie.  vvve  oi,-c:iis\i.rtv.v\  ow^v^^vft  ot  >iau 
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stone  and  allied  rock,  mostly,  however,  in  landslides,  which  indicate 
the  presence  of  a  thick  sheet  of  similar  material,  the  surface  of  which 
isabout  800  feet  below  the  general  level  of  the  adjacent  plateaus.  The 
chief  evidence  of  the  presence  of  this  important  bed  of  soft  material 
is  furnished  by  the  vast  number  of  landslides  that  have  occurred. 
Where  the  river  has  not  cut  telow  the  level  of  the  l)ed  n^f erred  to  its 
canvon  widens,  as  at  Kamiah,  and  its  sides  are  formed  bv  hundreds  of 
displaced  masses  of  basalt  which  have  fallen  from  al)ove.  A  view 
taken  near  Kamiah  (PL  IX,  A)  exhibits  some  of  the  toix)Cifraphic 
forms  referred  to. 

Throughout  the  length  of  Orofino  Creek,  from  its  mouth  to  near 
Pierce  Citv,  there  is  an  almost  continuous  series  of  heavv  landslides 
on  each  side  of  the  creek,  which  indicates  the  presence  of  incoherent 
beds  at  least  200  or  300  feet  in  thickness,  beginning  at  a  depth  of  about 
750 feet  below  the  surface.  These  stmta  are  probably  a  contiiuuition 
of  those  which  have  so  greatly  influenced  the  topogmphy  of  the  wall 
of  Clearwater  Canvon  near  Kamiah  and  elsewhere.  Their  chai-acter 
is  shown  by  outcrops  of  sandstone  and  shale  carrying  lignite  which 
are  exposed  in  the  bed  of  the  creek  at  seveml  localities. 

Along  Little  Canyon  Creek,  which  drains  a  portion  of  the  liroad 
plateau  to  the  south  of  Orofino,  coarse  sandstone  associatt^d  with  car- 
bonaceous shale  occurs  just  at  the  base  of  the  precipitous  canyon 
TWillfl  and  beneath  800  feet  of  horizontallv  l)e(lded  basalt.  TIk^  thic^k- 
ness  of  this  bed  is  not  exposed,  but  it  evidently  is  considerable,  as  the 
water  percolating  from  it  is  sutticient  to  maintain  Little  (yanyoii  Creek 
throughout  the  dry  summer  months. 

Again,  in  the  canyon  of  Potlatch  Creek,  which  joins  Clearwater  Kivei* 
from  the  north  about  IS  miles  east  of  Lewiston,  there  ai*e  several  out- 
crops of  sedimentary  beds  interst ratified  with  the  C-olimibia  River 
lava.  In  ascending  the  canyon  the  first  of  these  exposures  is  on  its 
(western  side,  about  »^  miles  from  its  mouth,  when*  some  gi'ading  has 
been  done  for  a  wagon  road.  There  is  shown  a  thickness  of  about  25 
feet  of  sedimentary  material,  consisting  largely  of  volcanic  dust,  at  a 
leight  of  approximately  80  feet  above  the  canyon's  bottom.  Neither 
;he  top  nor  the  bottom  of  the  deposit  was  seen,  and  it  is  probably  a 
3artof  a  large  landslide.  This  layer  is  impervious,  and  a  si)ring  finds 
tn  outlet  just  above  it.  A  half  mile  farther  upstream,  and  about  250 
Feet  above  the  c^inyon's  bottom,  there  is  a  small  exposure,  3  to  4  feet 
:hick,  of  yellowish  sandstone  carrying  pebbles.  On  the  wagon -road 
grades  which  ascend  the  steep  eastern  side  of  the  canyon  near  Julia- 
5tta,  there  are  at  legist  three  outcrops  of  sedimentary  beds,  one  of 
6?hich  is  evidently  in  place,  or  has  moved  but  a  short  distanie  down 
the  slope  from  its  true  position.  It  is  260  feet  below  the  general  level 
of  the  neighboring  plateau,  and  consists  of  coai'se  granitic  sand  span- 
Ifled  with  mica.    A  thickness  of  8  feet  is  in  sigYit.   ^iftsWxv?,  ovi  NJccv^  S&  ^ 
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layer  of  sandv,  Jiiiea«eoiw  oliiy.  h  tliirkiHMM  of  2  fwl  of  whidi  i" 
exptwnd.  Twii  other  out<irop8  of  nodinK-atary  matwriid  at  lotvar  level. 
coriHiHt.  muiuly  of  voIi^«iiiii  fluMt,  and  mv  apparpiiU.V  jjortione  of  Uiid- 
ali<l<>N.  Wliilo  owing  to  tlio  provalisnuv  of  ImuUlick-iM  and  tttliw  hiit  Ul- 
tl<3  information  vfv^  ohtaint^d  con(<i>riim^  tlic  tnic  jmsition  of  th(>.'*^ 
bede,  the  diffprrnt-as  Victww!n  tli«  liiuit<Mi  outtTops  olwwrvod  ahow  thnt 
at  loH8t  two  iin{)ortHnt  nhe»tji  of  sedimentary  origin  underlie  the  udJH- 
r«nt.  plateatiH.  One  of  tbt.'>so  liods  ii^  of  oi>cn  tcxturu,  and  pcniiiti^ 
thp  free  pept-olation  of  water,  the  othur,  or  lower,  is  clay-like  an'l 
impervious.  The  direct  connection  of  these  lieds  with  the  sbeetA  of 
similar  material  in  the  cliffs  Irarduring  Clearwater  Canyon  on  tJio  inoulli. 
Ijotween  Spaldinjf  and  Lewiston.  which  are  penetrated  by  the  well  at 
Small's  ranch,  haw  not  been  traced,  but  it  is'  probable  that  they  Ix'loiii; 
to  the  same  layers.  While  the  olevations  of  the  out«-roptt  at  theae  two 
locftlitieM  differ,  owing  to  tlic  movement'  that  have  oi-icurred  la  the 
rot-ks,  the  depth  of  the  sedimentary  sheet  Inflow  the  surface  of  the 
broad  ])lateaus  Kihould  be  in  each  iuHtance  approximately  tlie  same. 

In  the  canyon  of  8ahnon  Hiver  n^ar  the  mouths  of  Ea^lo  aod  Deer 
creeks,  foi-  a  distance  of  3  or  4  uiilew  along  its  western  liorder,  aod 
extending  a  mile  or  more  up  the  sldeu  of  each  of  the  <^reeks.  thi^rc  ai-e 
five  exposuros,  from  ^(J  to  55  or  more  feet  in  thickness,  of  coarse,  yel- 
lowish sandstone  t^ontniiiing  well-rounded  pebbles  and  fmgmeiitA  of 
Bilicitied  wood.  Thie  bed  of  sandstone  is  at  a  depth  of  approxiniatcty 
S,fiO0  feet  in  the  Columbia  liiver  lava,  and  haa  beneath  it  a  lied  »f 
1ivv;l  with  II  n.uirJi  ^.■(.ritl<r^lls  siirfiic,-.  One  ..f  tiu'  nilrmps  r.-f,.nv.| 
t".  on  the  west  side  <,f  Stilinon  Kiv.'c  jiLstalH.vc  the  uioiill.  <if  l-::i,>:li' 
Crc.-k.  is  interrupted  l.y  ;i  proiiioiitorv  of  cryst:dlinc  n»-k  whicli  ri-i- 
ititd  the  uvcrlyiiiij:  lava  shi-cls,  havin;:  forni.-.l  ,in  isliiiid  cir  ,-.n»'  in  ilir 
waters  in  wliii-h  tiie  sniKistoiie  wit>.  di-positcil.  Such  an  inlcrni|)lii.n  in 
a  porous  watcr-bcuriiifr  shed  illustralcs  <>w  clas-i  of  (litticiil[i<--  l.> 
\n'  exijected  in  !itleinptin<r  to  ohlHiii  artc>i;ui  water  fmui  liie  -eai- 
mentjiry  liedsinterstratified  with  tlic  (_'(iluniliiii  Uivrr  litva.  'I'liiil  i>.  liit' 
old  laud  surface  over  which  tlie  hiva  ^l)read  wa.s  irrejruli.i':  the  ajieiral 
peaks  and  I'idgcs  rise  into  the  hiva  Id  \arying  lieiglils.  some  <•(  lli.-ni. 
as  already  noted,  reniiiiiiin^'  jis  sleptoi's  when  the  hist  inid  hiiriiest  lava 
sheet  flowed  abtnit  thi-ni.  while  others,  and  probaiily  l.y  far  the  laifr,-r 
nundier,  wci'c  buried  to  greater  or  less  depths  aiui  can  only  be  dis- 
covered when  deTuidiitiori  has  nneiirthcd  lliem  or  the  drill  in  its  descent 
encountci-s  tlteui.  A>  will  be  shown  uii)rc  fullv  further  on,  these  bur- 
led peaks  and  ridges  of  impervious  ruck  may  cut  oil  the  supply  of 
water  from  an  otherwise  favorably  located  porous  layer. 


Ill  addition  to  the  obsei'vations  ali'cudy  noted,  others  might  be  cited 
to  jirovf  tin'  /)reserK-o  of  sedlmeutavv  \iti\s  \w\.ss-wu  n^wvts  uf  Coluni- 
l^/ti  River  litvii.  but  they  are  of  a  ti\vviViUvVvvew,aw\fta\\ii^v\Aa;\\\  yv\Wv 
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dly  to  the  presence  of  such  materiul  in  landslides.  What  is  desired 
^  definite  meanurements  of  the  thickness  of  the  sedimentary  deposits 
id  their  depth  below  the  surface;  but  such  quantitative  observations 
^difficult  to  obtain,  owing  to  the  peculiar  conditions  which  exist,  espe- 
ally  with  reference  to  the  disintegration  of  the  rocks  in  natuml  out- 
ops  and  the  tendency  of  soft  beds  beneath  lava  sheets  to  give  origin 
landslides.  The  depth  at  which  a  widely  extended  layer  of  clay, 
nd,  gravel,  etc.,  occurs  beneath  the  surface  varies  from  place  to 
lace,  owing  principally  to  movements  which  have  affected  the  rocks 
rer  broad  areas  and  the  amount  of  surface  denudation.  From  such 
ict8  as  are  in  hand  it  is  evident  that  in  the  Nez  Perce  region,  where 
Ktensive  lava  plateaus  occur,  the  presence  of  porous  water-l)earing 
eds  is  to  be  expected  at  three  principal  horizons,  namely,  at  150  to 
50  feet,  at  750  to  1,000  feet,  and  at  3,500  to  3,600  feet.  Although 
ae  beds  at  these  approximate  depths  below  the  plateau  surface  in 
teh  the  stratification  is  essentially  horizontal,  are  widely  extended, 
et  at  certain  localities  where  the  lower  beds  especially  might  be 
xpected  to  occur,  they  have  not  been  found.  In  Snake  River  Can- 
on above  Asotin,  where  the  sedimentary  beds  would  be  expected  to 
ppear  at  the  horizon  750  to  1,0(X)  feet  below  the  surfa(*e,  no  evidence 
f  their  presence  has  been  obtained.  A  more  careful  search  may 
JTeal  them,  but  it  is  evident  that  if  there  were  present  a  stratum  of 
indstone  of  the  thickness  and  character  of  the  one  near  Orofino  it 
odd  have  a  decdded  influence  on  the  topography  of  the  canyon  walls, 
id  such  testimony  is  wanting.  The  conclusion  to  be  drawn  from 
iis  negative  evidence  seems  to  be  that  the  beds  under  consideration 
d  not  reach  the  locality  referred  to,  possibly  on  account  of  interven- 
g  ridges  of  the  pre-lava  formations  which  cut  off  the  streams  from 
e  Bitterroot  Mountains. 

The  general  history  to  be  read  in  these  sedimentary  ])eds  is  that 
e  niiiterial  of  which  they  are  composed  was  brought  by  streams 
^ni  the  mountains  Ordering  the  Columbia  River  lava  on  the  east 
d  spread  out  over  the  lava  from  time  to  time,  during  the  inter- 
's between  the  eruptions,  as  alluvial  fans  and  as  lacustral  depos- 
•  The  material  thus  spread  out  should  become  finer  and  finer 
en  traced  away  from  the  mountains  that  supplied  it,  and  in  the  case 
the  l>eds  of  sand  and  gravel  it  should  thin  out  in  the  same  direction. 
"h  l>eds  should  also  be  more  numerous  near  the  eastern  border  of 
lava  plateaus  than  farther  west,  for  after  etu*h  lava  flow  some 
terial  would  be  washed  down  upon  it  from  the  mountains,  but  dur- 
only  the  longer  intervals  would  widely  extended  alluvial  fans  be 
tiled.  For  this  reason  it  may  be  concluded  that  the  probabilities  of 
fining  artesian  water  should  increase  as  the  eastern  margin  of  the 
» lava  flow  is  approached. 

Vhile  the  beds  of  sand  and  gravel  referred  to  €\io\]\di\^  ^!«<c£fL^^st^ 
aly  as  stream  deposits,  they  may  be  in  part  t\i^  «9[iOT^  \<(>>dSL^ab&^'Q& 
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of  liikoH  into  wbich  the  strcumfs  flowod.     There  is  no  nieHtiH  of  d^-lw- 
iiiiiiing  from  iKVUfional  exposures  under  which  of  thcise-  two  niethi 
sand  and  (Travel  amy  have  l)een  laid  down,  nnd  in  fiu-t  the  t^treain-lt 
l»ed.s  and  the  layers  tif  ooarw  niatBriat  found  in  tJic  shallow  portion^) 
lakoM  mprgn  into  the  others  I*}'  insenaihli*  gi-adutionit.     The  finn  clai 
however,  sneh  as  those  underlying  the  i-egion  alK)ut  Lcwiaton  at 
depth  i)f  "iSii  111  HIKI  fwt  Iwlow  th«  surface  of  tin?  level  plitteuuii. 
evidently   ileiHi.-ited   in    lakes,  and  may   tw  widely  extended  withi 
exhiUilinif    iimrked    variations    in    tbickne»j.      During    the    int^i 
Ijetweeii  many  of  the  eruptions  lakes  probably  existed  on  the  sui 
of  the  lava,  and  they  would  lay  down  Hheets  of  clay-like  material 
variable   thickness,  dependent   largely  on   the   length  of   time  thi 
existed;  but  the  iKwitions  of  the  lakes  can  not  be  predicted.     It 
expeet*>d,  hnwever,  that  likcustral  dejxisitw  will  be  found  widely  dis- 
tributed throughout  the  Columbia  River  Ia\Ti,  and  as  they  are  in  gen- 
era! composed  of  irapervioua  beds,  one  of  the  eonditjons  requisite  for 
tJi«  storage  of  water  under  pressun; — artesian — may  be  pii^Hent  in  even 
the  central  jwrtion  of  the  iava-covcred  country.     This  statement  in 
refei-enee  t.<)  the  probable  wide  extent  of  laeustral  deposits  inter)>e(ld«] 
with  the  lava  is  not  ImHcd  entirely  on  general  prineiples.  as  thick  anil 
widely  extended  foundations  of  the  nature  i-eferred  to  an'  known  to 
exist  in  wej^t-eentrnl  Washington.     On  the  whole,  what   is   known  nf 
the  sedimentary  \m^Is.  whether  Huviatile  or  lacustral.  iutvrt)edded  witli 
the  Columbia  River  laiTi  is  favoi-able  tn  obtaining  artesian  water  ovac 
a  widelv  extiMidnl  legion  enibrticiiig  jnirtions  of  Washington.  On-gon. 
and  Id:.'h... 

As  is  w,.||  kh.'wn.  til.'  niul.Tml  fonuiiij:  s,.\U  U  ci^nipi.srd  .■liirlly  .,f 
di.-^iiitegnileil  uin!  iimrc  nr  ies^-  IlKirnu^rhlv  di-ccimpiwed  rock  iirbris. 
This  (lebrlr^  either  iviiiiiln.^  In  csM-i.litilly  the  posilion  when'  it  ..ri}:i- 
nated  or  is  rciunveii  from  thul  posltimi  iuid  rcdeposilcd  I'Isewheiv. 
Two  leading  clash's  dI'  Mupcrliciiil  ai-cunuiliilioiis  are  thus  proiluiW, 
termed  sedentary  depusits  and  tiuMsportcd  dcposil.s.  in  each  of  which 
unixirtant  suUlivisionM  have  been  i-ccdgtiized.  So  fiir  as  the  Ncz 
Perec  region  in  conecrni'd,  the  reprcsenlntives  of  the  M'dentjirT 
deposit.^  lire  such  as  have  onginali'd  frfim  the  disiTitegnitiun  and 
dec-ay  of  ro<>ks  in  jilui'e,  and  they  may  be  Icniicd  residual  .soils;  whili' 
the  suix'rticial  nmlcrial  which  has  been  brought  from  a  distani'i'  ii[i<i 
redepo.sit*'d.  found  prini'ipally  along  tin'  margins  of  the  riverr^,  ffirni,- 
alluvial  soils. 

KKSIIHTAI,    SI)1I,^. 

The  clmraetei- and  mode  of  origin  of  ihc  ,s.,il  in  atypical  p>.nioii  oi 
the  great  region  occupied  by  the  Columbia  Hiver  lava  iia-s  been  dis- 
cuiit<ed  in  a  previous  re]X)rt.'  and  but  little  information  in  addition  to 
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:  what  was  then  presented  can  be  given  at  this  time.  The  soils  covering 
'  the  hroacl  plateau  surfaces  in  the  Nez  Perce  region  and  streaming  down 
■  their  steep  bordering  escarpments  are  similar  to,  in  ftK*t  ])rsu*ticully 
t  identical  with,  the  soils  alx)ut  Pullman,  Washington,  described  in  the 
;  report  just  referred  to.  Throughout  the  lava-covered  portions  of 
'  Oregon,  Washington,  and  Idaho  and  the  bordering  upland^,  <'om]X)sed 
i  of  older  terrane^s,  the  soils  have  resultexl  from  the  disintegnition  and 
I  decay  of  the  underlying  rocks,  and  in  genenal  have  l>een  removed  but 
I  short  distances,  if  at  all,  from  their  original  positions.  This  conclusion 
I  is  sustained  by  the  fact  that  when  the  sm'fiwe  mat(»rial  is  traced  down- 
I  ward  it  is  found  to  change,  frequently  by  insensible  gnulations,  into 
[  the  underlying  and  still  solid  rock;  also  ])v  comparing  the  chemical 
composition  of  the  soil  and  subsoil  with  that  of  the  unaltered  nwks 
beneath,  and  by  noting  the  surface  changes  in  passing  from  one  geo- 
(  logic  formation  to  another.  In  traveling  from  the  lava  ])]at<»aus  to  the 
f  idjacent  uplands  of  older  rocks,  such  as  ]imeston(\  granite,  diorite, 
schist,  etc.,  in  the  foothills  of  the  HitterrcM)t  Mountains,  an  immediate 
change  in  the  character  of  the  soil  forcM^s  itself  on  on<»\s  attention. 
Above  the  lava  the  soil  is  fine  and  of  a  dark  <^olor,  owing,  principally, 
to  the  presence  of  organic  matter,  while  the  subsoil,  ecjually  fine  in 
texture,  is  always  of  a  dull  yellow  or  a  brownish  yellow  (!olor,  and  is 
characteristically  without  pebbles  or  sand  grains  visible  to  the  unaided 
eye,  while  the  soils  on  the  older  rocks  are  usually  light  colored  and 
contain  sand,  angular  fmgments  of  rrn^ks,  and  minenils  the  nature  of 
which  can  readily  lx>  detennined  and  which  corr(»si)onds  with  that  of 
the  underlying  rocks.  The  chemical  composition  of  these  two  divisions 
>f  residual  soils  shows  marked  ditf(»rences,  in  harmony  with  tlH>  o])vious 
fa<rt  that  the  soils  of  the  lava  plat(»4Uis  are  more  productive^  than  those 
jf  the  older  formations. 

Compared  with  the  older  rocks  adjacent  to  it,  tlu»  grenter  nii)i(lity 
with  which  the  Columbia  River  lava  breaks  down  and  changers  its 
physical  charact(>ristics  is  shown  by  the  in<M'eas(*d  fineness  and  far  more 
complete  dei'a}'^  of  the  residual  material  produced.  This  is  tlu*,  mor<» 
striking  when  it  is  remembered  that  the  region  composexl  of  the  older 
terranes  al)ove  the  level  of  the  Iiust  she(»t  of  lava  hjis  been  much  longer 
exposed  to  the  influences  which  produc^e  wi^athering  than  the  more 
bhoroughly  decayed  surface  of  the  lava.  That  this  ditFerence  is  not 
lue  to  diflrerenc<\s  of  slope  or  of  exposun* — the  sui'ftwe  of  the  lava 
t>eing  frequently  nearly  flat,  while  the*,  surface  slopes  of  the  old(»r 
berranes  are  more  generally  inclined,  thus  favoring  th<^  removal  of 
^mall  particles  and  resulting  in  a  concentration  of  the  lai'gei*  fi*ag- 
Dient8 — is  evident  from  the  fact  that  the  older  land  has  a  gn^at  variety 
of  surface  slopes  and  that  on  all  of  them  the  ddbris  is  much  less  thor- 
oughly decomposed  than  on  the  lava  plateaus  or  even  on  the  steep 
ascarpmeiite  forming  the  walls  of  the  canyons  efiLcav^X/sA  \w  N^^\d:^^ 
The  fact  that  the  aoii  on  the  lava  plateaus  is  not  coaAiiV^  ^  dca»X»  \<ib\«<s^ 
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i-oujfht.  from  a  distance  liy  iIk-  wind,  as  iUi  HiHfne.-*:*  might  tndii'^tt'  aiitJ 
1  has  tieciii  siig^nstxxl  l)y  dprtain  careful  observers,  is  clou-ly  »liiiwn 
y  the  abrupt  change,  juft.  referred  to,  ob«en-able  in  the  ourfane 
iftteriul  on  pauning  from  the  hiva  to  the  )K>rdering  upland  and  parlicu- 
rly  on  visiting  the  Ht«pt*K-fi  which  rlra-  in  isolattMi  positions  through  the 
va.     On  Steptoe  and  Kamiah  butte.s  in  Washington,  on  Cottonwood 
uttcin  Idaho,  and  on  other  aiuiilar  iHland-like  areas,  or st4?!ptoes.  of  pre- 
ertiary  teiTaiies  rising  througli  the  Columbia  Kiver  lava  there  is  aa 
jmpt  and  freqneiitly  cxmspicuous  rhange  lietween  the  hoiI  of  Uie 
iittes  and  that  of  the  surrounding  plateau.     Th<;  Hoi)s  on  the  varioLw 
eptoe«i  also  differ  from  one  another,  hut  all  contain  fragments  of  tlia 
nderlying  rocks.     Tlicse  olwervatious  are  evidently  not  in  liarrnnny 
ith  the  suggestion  that  the  soil  of  the  wheat  landc  has  )>ticn  brought 
-om  a  distance  by  the  wiml. 
The  great  importance  of  the  wonderfully  rich  soil  on  wliat  may  In 
Tmed  th«  wheat  lands  of  the  region  under  consideration  in  suSidiwt 
ccuse  for  reptiating  certain  observations  concerning  it,  whioh  were 
iiblishod  in  the  report  already  cited.     In  the  following  table  then 
iven  the  results  of  anaiysejt  of  a  sample  of  bawalt,  a  ropresentatm 
'  the  Olumbia  River  la\'a,  collected  at  Wallawalla.  Washingt<j«,  huJ 
r  the  subsoil  and  Moil  resting  on  the  aame  formation  at  Dayton,  VVa^b- 
igton.     The  sulisoil  is  from  a  depth  of  '6i)  feet,  and  the  soil  wu»  i:nl- 
«t«d  i  II II  wheat  field  at  a  depth  of  2  f  eot  Iwlow  the  surface.     Each  of 
ie<ie  samples  is  t^araclcristic  uf  the  luuteriul  from  which  it  was  ttdui 
rer  a  wide  extent  of  oouotry. 


In  reference  to  these  aniilyso.-i,  Merrill  says: 

All  of  the  luateriul  luiulymf  m;vh  Qrj-t  ilri,:.!  hI  UM"  I  ■,  TIk-  .liialy.-^'.-  iin^  m-l  i- 
iletiuled  as  I  wmil.l  likt  tii  liiaki-.  1ml  iiri'  «ll  lliul  (lie  liiuiltsl  liuji-  [H-riiiil.-.  ri-rliai- 
tbe  lU'jet  Btrikiiig  fail  in  tlif  uiiiilysiw  iw  tin.'  siiiiilnrity  in  L-uiiiporiiliun  Ih.-Iwii'Ii  llw 
mrfooe  Huil  ami  Ihal  fmiu  a  iU'|itli  of  'M  l^vK;  Aluiost  the  iiiily  eseenlinl  ilrffLTvac 
beiDic,  apparently,  llii-  larjnT  iMiTiTnttiiw  of  voIiiUIl'  inBlter  of  the  i-iir(lWf  S"il. 
"*^-ingB«yBI«el>uratv(!  IIk'  in.u  aiiil  iiluiiiljiii,  I  luii  iiniil'lc  In  .uvnunt  (iT  llie  ii 

it  loeaof  lilts.-  i-iiu>tini.-iily  -limvn      I'V [iri'viiius  auiilyH-f  1  :«ii  li'ii  l..  t-uH[.«l 

■  til»  apparudt  iuon-iu-f   in  ("iHl-Ii   in  l\i.'  i\i'.-.ini\.wi'.\  \ua.\«iu\\,     U  w   i,iui*ili|e. 
'y  iiro!tabi«,  that  Ibis  is  dut  !.>  vrruraiiv  im».\-i«\a. 
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f     The  close  aimilarity  between  the  c()miX)sition  of  the  soil  and  sub- 

f  soil  and  of  the  rovk  which  occurs  beneath  them  is  instructive  and 
nutains  the  conclusion  that  the  surftu^e  material  has  resulted  from  the 
brpaking  down  of  basalt.  In  the  formation  of  residual  soils  the  more 
soluble  (constituents  are  removed  in  solution  by  percolating?  water,  and 
the  les8  soluble  substances  are  left  as  a  residuum.  The  soil  and  subsoil 
should  therefore  contain  an  increiused  percentage  of  the  less  soluble 
salwtances  in  the  original  ro(*k,  such  tis  silica  and  alumina,  and  a 
smaller  percentage  of  the  more  readily  soluble  substaiUM»s,  such  as  soda, 
potash,  lime,  etc.     The  foregoing  analyses  are  essiMitially  in  harmony 

I  with  this  general  principle,  with  the  excreption  of  the  pot^ish  and  soda. 

!  Inthec«se  of  the  potash  there  is  an  increase  in  the  decom])osed  mate- 

!'  rial  above  the  amount  pre>*ent  in  the  parent  rock,  while  the  p<^n*entjige 
of  soda  is  nearly  the  same.  This  re^sult  is  so  surprising  that  I  fear  more 
.  inalyaes  should  l)e  made  bcjfore  aceepting  it  as  final,*  but  it  is  perhaps 
I  not  out  of  plaice  to  suggest  a  way  in  which  potash  and  soda  may  have 
'  been  added  to  the  soil. 

Over  a  large  portion  of  the  United  States  to  the  we>!t  of  the  Missis- 
fipfi  there  have  been  showers  of  volcanic  dust  in  recent  times.     An 
analysis  of  some  of  this  material  which  fell  in  Nez  Perce  County  has 
already  been  given  (p.  34),  which  shows  that  it  carries  2.58  per  cent  of 
potash  (Kfi)  and  5.08  per  c«nt  of  soda  (Na^O).     This  material  falling 
on  the  surface  of  the  plateaus  would  in  most  situations  not  be  washed 
away,  but  would  form  an  addition  to  the  soil.     How  many  showei^s  of 
Volcanic  dust  have  occurred  since  the  last  sheet  of  Columbia  River  lava 
was  poured  out  is  unknown;  but  as  such  showei-s  occurred  during  the 
eruption  of  the  lava,  and  also  at  a  recent  period,  it  is  reasonable  to 
suppose  that  they  took  place  in  the  interval  referred  to.     The  material 
thus  added  to  the  residual  soils  would  \h\  on  its  upper  surface,  although, 
judging  by  present  conditions,  when  in  g<Mi(»nil  the  plat^Mius  are  with- 
out surfac^e  drainage,  there  would  be  a  transf(»r  of  soluble  material  by 
jercobition  from  the  surface  downward.     If  thi>re  has  b(»eii  a  notable 


>In  Bulletin  No.  9  of  the  iiKrlciiltuntl  cxiKTiineiit  Htation  at  Mokcow,  Irlaho,  )iy  Prof.  Charles  W. 
IrTwrtly,  Hiid  in  Bulletin  No.  13  of  thciM;n<Miltural  experiment  station  at  IMlhnan,  Wa«hinj,Mon.  !>y 
lof.  Elton  Fiilmer  and  Prof.  ('.  ('.  Fh't<'her,  a  larjre  numlxTof  noil  anal vk*-**  are  jfiven.  an<l  of  thoHi>  th«! 
impk'M  for  which  came  from  the  region  (XMMipiiHl  by  tlie  <  Columbia  Kiver  lava,  only  one  eontainx 
otai«h  in  exctwn  of  1  jht  rent,  while  the  uveraKe  Ik  alxuit  on<.>-half  of  1  pt-r  eent.  The  exeeiition 
*feiTP<l  to  i8  in  the  ease  uf  the  kuImoII  fn»m  near  the  exin-riinent  station  at  Moscow,  analyzeil  by 
[cCurdy.  which  Im  rep<»rted  to  contain  1.83  jnir  <rent  of  ))otash.  Tlie  will  at  the  same  l<H-ality  con- 
lined  but 0.59  percent  of  prjtaMh.  This  analysis  is  vitiati-d,  howfver,  for  rmr  prewnt  puri>oMC,  a.H 
auid  and  rilicates"  are  reportc<i  present  to  the  extent  of  73.77  ih.t  cent;  what  is  inchKliil  under  the 
srm  silicates  is  questionable.  In  a  lanfe  numl>er  of  analyses  of  the  N)ils  of  WasliiuKton  )>y  I<\ilmer 
nd  Fletcher,  in  which  there  seems  to  be  no  ambifoiity  of  the  nature  just  referreil  to.  the  potash 
•ported  is  always  considerably  less  than  1  jK'rcent.    The  K^ndo^c  ndations  of  the  soils  analyserl 

not  always  stated,  but  a  number  of  theses  are  certainly  from  hx'alities  which  are  underlain  by  the 
olmnbla  River  lava.  In  a  Hummar>',  in  ntference  to  the  presence  of  lime,  phosphoric  acid,  and 
Dtesh  in  the  soils  of  Washlnfirton,  embracing  the  results  of  4.^  analyses,  the  maximum,  minimum, 
nd  mean  percentage  for  potash  are  0.6428,  0.U364,  and  0.3049,  respectively.  There  is  thus  a  serious 
Iscrepuicy  between  the  analjrses  Just  cited  and  those  by  Merrill  ^ven  on  page  44,  in  reference  to  the 
eroentage  of  potash  In  the  soils  of  the  Cohimbia  Kiver  lava  region,  which  will  have  U>  be  diminished 
efore  tbe  dlmsumdon  oi  the  origin  ot  the  soils  from  a  chemical  «ULndpQ\n\.  caxi  la\^■lM^OI^^'^  ^sf^^^^- 
laed. 
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arlditioi)  of  vnliwiif  dust  to  the  surface  of  the  residual  .*oils  on  iWl 
lin'ft,  imftlvsw  iiiity  reasonably  Ije  expected  to  »how  a  jrrmter  pon-enfcl 
age  of  potush  in  the  soil  than  in  the  subsoil,  liut  this  supposition  isiioti 
8[u<tained  by  the  rheiiiic-ul  evidonc*  available.  Again,  tlie  be<l3  of  Tol-f 
L-4iaic  dtiHt  inttu'strutttied  with  the  Columbia  Kiver  lava  may  have  too- 1 
tribut»?d  mat*!ria!  Ui  the  soils  formed  by  their  decay  and  onrichwl  it 
pota.sli.  Thi?  vok-anic  dust  refori-ed  to  is  of  the  same  physii«]  ihanw- 1 
t«r  an  that  of  which  an  analysis  ham  been  given,  and  with  liUle  doiilrt  is 
of  alKiut  the  riaine  chemical  compouitioii. 

A  typieni  il lustration  of  the  nature  of  tlie  :M>il  and  subsoil  produi^l 
by  the  diHintegnitioQ  and  decay  of  )>amlt  iii  alTorded  at  an  excavation  I 
made  for  clay  at  a  brickyard  in  Uuioutown.  The  material  there  iiMidl 
for  brick  making  is  the  noniialsu^Mwi!  of  the  wheat  landjs.  ItiiiutNiull 
35  feet  thick,  but  the  patMage  to  the  solid  rock  beneath  was 
exposed  at  the  time  it  wan  visitwi.  The  umterial  l-i  tine  in  texturi' 
fact  is  aliuoHt  without  appnnnable  grains,  and  is  of  a  unifoi-m  brown- 1 
iiih  yellow  color,  except  that  the  upper  4  ur  5  foet,  as  kiwu  in  vertitd  I 
walls,  is  darkened  by  organic  matter.  There  not  only  in  no  cvidenae  '' 
of  .strati licnti on,  but  the  material  i»  uniform  in  color,  texture,  i 
from  the  Ihisu  of  thi;  discolored  upper  jxirtion  to  the  bottom  of  tlK 
oxiiosure,  ii  depth  of  a>jout  25  fe«t.  The  most  interasting  feature  H 
the  pieseiice  of  tieaily  vertical  but  somewhat  tortuoun  tul)cs,  having 
an  appi-oximately  unifoi-ni  diameter  of  one-fourth  inch,  which  iwcurtl 
intervals  of,  in  general,  from  4  to  l>  inches.  These  tube»csn  easily  te 
traceil  in  the  woIIh  of  the  excavation  for  distances  of  5  or  6  feet,  t^  ■ 
seem  In  )ic  contimimis  from  thp  bii«c  .if  ihe  liver  nf  Nuil  to  tli<>  b,.ttoni 
<if  tlj.-r\j.nsurr.  Tlicy  ;irc  mi  nva\\\  \.\-[u-A  \U:i\  tin-  •j.-ntlr  h,- 
inviTLLhintics  III  .iim-li,m  scl.ii.Mi  ciii'i.sr  thnii  lo  drpart  more  thii 
.'i  inches  from  a  nicjin  positiiiii.  The v  do  nol  liifiin-iiii' ur  send  off 
briuiclics.  iniil  iiavc  no  detiMilc  wulls.  '  They  ;in'  simply  holrs  in  the 
M.lt.  clav-lilic  iiiiitcriid  )niviTM-d  liv  llinii.  On  their  iritcrinr^ 
lire  sliirht  irn'^rulurilie..  such  iis  iniirln  !'■■  [iriKlnccd  liv  tin-  dowmviinl 
flow  of  drop.,  or  smull  clots  of  the  mulcriid  wliirh  tliry  truvi-rs,.. 
have  hardened  so  us  to  form  slight  drMitions  wilh  wdl-d. ■flu. 
rounded  lower  margins. 

A  tnbulai' structure  like  that  jusi  drsirilied  i- soiiicwiiiii  i-\r,-] 
in  the  rcsiduiil  soil^  on  the  Odumlm  liivcr  luva.  Imt  it  liii.- 
observed  in  a  few  other  iustiinccs.  .More  commonly  min-h  -.mullfr 
tiiin'H  lire  present,  wimiliir  in  every  way,  exi'cpt,  jicrhaps,  in  the 
acter  of  their  iH.niiding  surfaci-s,  witli  dianietcrs  nithcr  itnifoniilv 
iiboiit  oiie-tetilh  of  .in  inch.  These  small  tubes  were  n(it  obsei-\ 
Ihe  subyoil  at  rni'inluwn,  IjuI  in  many  other  instjiiices,  in  inati'r 
the  sumo  character,  they  were  so  niiiiieiMus  (hat  a  cubic  inch  •• 
subsoil  could  not  be  examined  withnut  Hnding  several  of  them. 

T'bc  origin  of  either  class  of  these  lu\ies\s  unknown,  but  it  is  <>li 
^hiit  they  ticrve  an  iiiii)urlant  (uni-V\<m  \u  \wv\ml\\n\;  \\w  ■v.-ivi-i  vii^v,\-Y 
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tion  of  rain  water  falling  on  the  wheat  lands,  and  nhow,  in  fiict, 
why  there  seldom  is  any  evidence  of  surface  rills.  Slopc^s  of  fully  25 
to  SO  degrees,  composed  of  soft  soil  in  either  its  natunil  (*4)ndition  or 
plowed,  harrowed,  and  left  unsown  for  a  >'ear,  a  common  custom, 
show  no  rill  marks  such  as  are  usual  in  many  regions,  esi>ecialiy  where 
the  soil  is  an  impervious  clay.  The  open  tubes  in  the  subsoil  insure  a 
prompt  and  most  effective  underdrainage  and  aeration,  and  the  soil  in 
which  it  is  presumed  the  tubes  have  been  obliterated,  through  move- 
(Dents  in  the  material,  due  to  the  l)euting  of  rain,  the  growth  of  plants, 
Erost,  etc.,  is  so  exceedingly  fine — less  than  2  per  cent  of  the  grains 
aceeding  one-tenth  of  a  millimeter  in  diameter* — that  all  of  the  water 
Idling  on  it  is  at  onc«  absorbed.  While  the  rate  of  evaponition  is 
jgh,  the  soil  does  not  become  charged  with  alkaline  salts,  as  is  so 
(xmnonly  the  case  in  regions  of  small  rainfall — the  waU>r  from  below 
eing  raised  to  the  surface  by  capillary  attnu^tion,  and  the  salts  it 
>ntuns  being  precipitated  as  evaporation  progresses — but  on  account 
f  the  prompt  subdrainage  by  percolation,  where  rain  oc(!urs,  the 
laterial  brought  to  the  surfaiiic  during  dry  seasons  is  redistributed. 
he  only  localities  on  the  plateaus  underlain  by  Columbia  River  lava 
here  alkaline  salts  are  concentrated  at  the  surface  are  in  low  basins 
here  an  excess  of  organic  matter  has  rendered  the  soil  impervious; 
lit  these  places  are  of  rare  occurrence  and  of  small  area. 

On  the  precipitous  walls  of  the  numerous  canyons  cut  into  the 
oluQibia  River  lava  and  the  older  formation  iHMieath,  th(*re  is  usually 
mantle  of  soil  not  only  on  the  ledges  and  ternic(5s  but  on  the  steep 
ius  slopes  and  irregular  surfaces  of  landslides.  These  soils,  although 
dually  composed  largely  of  disintegrated  and  decayed  basalt,  have  in 
lany  instances  received  important  additions  of  material  derived  from 
le  layers  of  volcanic  dust,  sand,  gmv(»l,  etc.,  int(»rbedded  with  tli(» 
iva,  and  at  horizons  below  the  Iwuse  of  the  lava  slux^ts  th(\v  contain 
Iso  the  debris  of  the  pre-Tertiary  t^^rmnes.  The*  sides  of  the  canyons 
re  nearly  everywhere  clothed  with  bunch  grass,  and  in  spite*  of  their 
»epness  they  affoixl  excellent  pasturage.  The  conuningling  of  debris 
a  the  steep  plateau  margins  has  led  to  the  making  of  a  soil  which  in 
)me  instances  seems  to  be  even  better  adapted  to  agriculture  and  hor- 
culture  than  the  more  uniform  soils  of  the  plateau  surfaces.  This 
lay  l>e  due  in  part,  however,  to  more  fav()ral)l(»  exiM)sure  to  the  sun, 
lit  it  certainly  is  influenced  by  the  escape  of  water  from  the  cut  edges 
I  porous  layers  in  the  lava  formation. 

In  the  case  of  the  terranes  of  older  date  than  the  C'oiumbia  River 
.va,  .surface  disintegration  seems  to  be  in  excess  of  rock  decay,  as  the 
>ils  are  usually  charged  with  rock  fragments,  while  on  the  lava 
lateaus  the  reverse  is  true,  and   fragments  of  rock  large  enough 

I  See  mecbAiiieal  uialyiU  of  a  Mmple  of  wheaMand  soil  from  Pullman,  Washington,  by  Milton 
bltnejr:  WaterSapplj  and  Irrigation  Paper  U.  8.  OeoL  Bnrrey  No.  i  ^IWIV 1^*  M* 
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to  }«>  distiiigiiiNhed  by  the  unaided  cyo  am  of  lure  ot'currence,  ev«o  1 
at  depths  of  fmm  -M  to  perhaps  75  or  inoi-e  feet  Iwlow  the  jjurfiu-c. 
The  lavii  i«  plainly  uiore  prone  to  dt^eay  and  to  crumble  iindi!rtbc  1 
influence  of  percolating  water  than  i«  the  t^ranit^?,  dioriU^'.  ^neii4S, 
schist,  limestones,  ct«.,  of  the  older  formations.  The  marked  tendeoey 
of  the  lava  to  decompose  in  this  manner  and  to  yield  a  rich  itoil  uf 
sueh  a  physieal  chanu'ter  that  it  abi^orbpi  and  retjiinfi  alt  of  tJie  rain 
which  falls  un  it  and  Is  easily  plowed,  insures  a  lonj;  iH^riod  of  pitkH- 
ptirity  for  thin  "Inland  Empire,"  tw  the  grain-growing  region  o/  - 
eMsl*^rti  t)regon  and  Washington  and  neighboring  portions  of  Idaho 
sometimes  tanned. 

The  peculiar  and  interemting  surfaer  reliiif  of  the  lava  plutoatis  wi 
be  diwcUHsed  further  on,  in  connci'tion  with  other  featun-»  of  the  jihvs- 
iogniphy  of  the  i-egion  under  consideration. 

TltANSl-UItTKl)    BOILS. 

In  addition  to  the  residua!  hoiIh  in  the  Neis  Pnnsi  rftgiori,  whirb 
occupy  probably  ninety-nine  one-hundred ths  of  the  surface,  there  are 
small  detached  areas,  principally  along  the  margins  of  the  larger 
streams,  where  the  soil  is  composed  of  silt,  sand,  and  gravel  deposited 
by  the  streams  during  high-water  stages.  These  transported  soik.  in 
which  the  debris  from  an  extensive  series  of  cliffs  is  commingled,  con- 
tain  a  great  variety  of  rock  fragments,  usually  well  rounded  and 
assorted  and  deposited  in  an  orderly  sequence  with  reference  to  aii 
and  specific  gravity.  At  pttwent  this  material  forms  flood  plain' 
which  are  iniindutcd  diirinir  hiffji-wiilcr  st:iiri',s.  nv  repiv^i'rit-  iLiniiTil 
Hood  plains  «hi.b  Imvi-  brcn  abiimk.iieiU.wiiLg  K.  liic  drcponinj: -I 
stn'uni  clianiii'ls.  In  I'xcavaticnf*  in  these  di-posits  the  rbanges  to  In 
"bservi'il  as  the  depth  ticlow  the  surface  increases,  are  such  a-  tin 
nonnal  to  similiir  in'ciiniiilutinns  thi'  wurld  over,  and  result  fruMi  thi 
manner  in  which  the  matj-rial  wa.-  laid  down.  An  a  rule,  the  >urfiii'> 
of  a  Hood  plain  is  composed  tif  tine  silt  or  tine  sand;  lirFii-atii  llik 
at  a  di'pth  usnally  varying  from  -i  to  4  feet,  then-  is  a  <:biiiiiri'  ■" 
gntvel,  and  at  lower  levels  pebbles,  and  even  eoli  blest  ones  and  roiindeii 
water-worn  bowlders,  may  be  Found.  The  veason  foi-  this  arrmiifi'- 
ment  is  that  the  material  in  the  flood  plains  of  stream.-  is  continimllv 
being  worked  over  by  the  streams  tliemwlves  and  l)eciinii's  sL-sorteii. 
Where  streams  are  depositing  their  loads  they  tlow  in  curves,  i-ul 
away  their  banlts  on  the  outer  side,  and  make  deposits  on  the  inner 
side  of  each  bend.  The  material  cut  away  at  one  curve  is  carried 
downstream  and  nmch  of  it  is  redeposited  on  the  inner  side  of  Ihe 
next  curve  below.  This  process  is  clearly  ilhistrated  along  the  lowiT 
course  of  Clearwater  River,  and  can  be  observed  in  almost  any  broiik 
or  rill.  The  succession  of  finer  and  liner  material  from  the  bottom 
of  a  Hood-plain  deposit  bi  the  sviviacc  v»  due  to  the  fact  that  the  lower 
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portion  is  laid  down  in  the  ccnti*al  part  of  a  .stream,  where  the  current 
ifl  swift,  and  as  the  stream  migrates  liner  and  finer  material  is  deix)sited 
upon  it.  The  last  layer  is  spread  out  during  inundation.  It  also 
receives  dust  deposited  from  the  air,  is  usually  of  tine  (juality,  and 
fonus  a  remarkably  rich  soil.' 

Flood  plains  of  the  nature  of  those  just  described  occur  along  Clear- 
water River,  and  are  also  well  illustrated  near  Kamiah,   I^ewiston, 
Spalding,  and  Lapwai.     They  are  built  on  deposits  of  the  same  nature, 
and  in  a  few  other  instances,  along  the  larger  streams,  there  are  small, 
nearly  flat  areas  of  a  similar  (^haiiicter;  but  in  general  the  canyons  are 
too  narrow  to  permit  the  deposition  of  much  of  the  material  that  is 
being  transported  through  them.     The  streams  in  general  are  engaged 
in  deepening  their  channels;  they  have  not  reached  the  stage  of  broad- 
ening their  valleys  and  spreading  out  extensive  flood  plains.     It  is  only 
where  special  conditions  exist — for  instance,  the  pre.sence  of  soft  })eds 
at  the  level  of  the  streams,  as  at  Kamiah,  or  where  a  depression  of  the 
rocks  has  caused  a  widening  of  the  valleys,  as  along  Clearwater  River 
lear  Lewiston — that  flood  plains  of  suflicient  width  to  be  of  economic 
niportance  are  to  be  found.     The  fact  that  the  flat  lands  referred  to 
,re  due  to  stream  dejxjsition  is  clearly  shown  in  numerous  instances 
»y  the  presence  of  abandoned  stream  channels,  some  of  which  are  in 
he  condition  of  lakelets  or  sloughs. 

Flood-plain  deposits  form  the  lands  now  under  cultivation  in  Asotin 
^nyon,  and  theiHi,  as  elsewhere,  they  are  in  danger  of  being  removed 
y  the  same  agency  that  built  them.  This  obvious  truth  should  be 
orne  in  mind  by  all  who  seek  to  cultivate  the  narrow  flood  plain  in 
liat  can^^'on,  particularly  where  the  small,  flat  areas  of  rich  land  favor- 
bly  situated  for  irrigation  have  tempted  people  to  build  their  homes 
ritbin  reach  of  the  creek  when  swolK^n  bv  heuvv  niins.  The  canvon 
ears  evidence  of  having  recently  b(»en  swept  by  floods  caused  by  tor- 
ential  rains,  commonly  termed  cloudbursts.  Similar  high- water  stjiges 
re  sure  to  recur,  and  proper  precautions  should  be  taken  to  insure 
he  safety  of  life,  even  if  the  risks  to  grain  ti<»lds  and  orchards  are 
ecepted. 

As  will  be  shown  further  on,  the  rivers  of  the  Nez  Perce  region  first 
ut  their  canyons  to  alx)ut  tlu»ir  present  dt»ptlis,  then  filled  them  with 
Tavel  to  a  depth  of  350  feet,  and  hav(»  since  removed  the  greater  part 
f  the  material  formerly  deposited.  In  this  process  of  reexcavation, 
n  a  few  instances  portions  of  old  flood  plains  hav(^  IxM'n  left,  and  they 
urnish  examples  of  ti'ansported  soils  at  a  considerable  elevation  above 
he  present  streams.  Clarkston  is  built  on  an  alluvial  deposit  of  this 
Ature  which  has  a  sloping  surfac^e,  owing  to  tlu»  fact  that  it  is  on  the 

^Thlx  and  other  important  chHiigi'A  now  l)oinK  mado  hy  Htreamn  in  tlu>  8urfa(M>.  features  of  tlu'  earth 
ns  dlHCUMed  ftomewhat  fully  in  flivura  of  North  America,  by  Israel  C.  Riu»ell,  publii»he<I  by  Putnam's 
[»ii»,  New  York.  1K98. 
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wncave  side  of  a  curvo  in  Simkc  Itivor,  iiml  tlic  strwuii.  iu  deepening 
its  olmnnct.  itiigiiitcd  rilnwly  oHKtwartl.  In  thb  laslance  there  ui  a  sur- 
fare  layer  of  fine  silt-Iiku  ni}iU;riul.  uliout  5  ur  tj  feet  thick,  resting  un 
yonrsn  j^nivt^^l  ami  cobliipstonen,  Tht?  anrfaie  Inyor  furnishes  a  rivh 
noil,  and  the  open  t«xturc  of  thy  pniviil  Ixinrnth  inMurew  underdniin- 
ftge,  which  prevento  tht!  i-oni-entration  of  alkali  at  Uie  surfat-e.  'llii.-- 
fortunate  urmngcuK^nt  in  fnvorahly  U>  the  sanitary  t-onditions.  partit.ii- 
larly  a«  the  water  supply  in  hroiitjht  from  a  distance. 

Other  areas  of  transiwrted  suil  isiniilar  to  that  at  Clarkston  occnr 
on  the  opposit4>  Hide  of  Snake  Hiver  und  form  the  surface  of  the  plateau 
on  which  the  newer  or  upper  jKirtion  of  Lewiston  is  situated.  Fine 
sections  of  Hood-phiin  depoMite  are  exptwed  in  the  maT^ins  of  thi* 
plateau,  pHpeiially  wliere  grades  have  l>een  made  along  the  stroiGls 
connei'ting  the  upper  with  the  lower  portions  of  the  city.  Similar 
deposits  occur  near  Alpowa,  also  in  tlie  canyon  of  Salmon  lliver,  near 
its  mouth,  and,  of  limited  extent,  along  the  bordei-s  of  many  Nnioll 
streams  or  where  such  streams  enter  the  large  t»nyons. 

In  connection  with  the  exaniplen  of  soils  just  cited,  in  which  mate- 
rial hn>*  l)een  bit)ught  fnim  a  distance,  reference  will  l>e  made  t<i  at 
legist  one  somewhat  conspicuous  instance  of  wind  transportation. 
Snake  Itiver  jn«t  above  Lewiston  deposits  on  its  right  l«ink  a  iximiid- 
eralilc  ijuantity  of  linu.  white,  micaceous  siind  or  silt.'  Ouringlow- 
water  btages  this  iiiatertal  Is  exposed  to  the  air,  hocomes  dry,  and  is 
blown  eastward  by  the  prevailing  winds.  It  is  (larried  up  the  canyon 
wall,  which  there  in  low,  over  tiie  sloping  margin  of  the  LewiAto8< 
PlHt<-nu  f.-rii  ili^tiincc  <.f  2  or  :■!  miles,  am]  is  dcjiosit-d  huvelv  in 
>Uuw>.  liUli.m^'li  much  nf  it  i>  «i.lclv  distrilmlcd. 

Sum.'  uiovrmciit  i.f  tiic  •'urfiice  uf  tlicsni!  on  i-vcri  llie^'i-ncniily  lev.'! 
pliitcinis  iiiLisI  ivsLilt  frum  the  uction  of  llie  wind,  l-nt  in  ii  stiitc  of 
miturv,  when  tlic  in'CM'nt  cxiensive  griiiii  tickl-  were  pniiricfi.  the  soil 
WHS  held  hy  phiiil  riKils  and  was  sbolti-reil  l>\   lie    \  i^fhH  li>ii  >rniwini; 
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on  theoi,  80  that  the  tranufcr,  throuf^h  this  agency,  of  nmteriul  from 
one  locality  to  another  niunt  have  Ijoon  small  in  amount.  At  pre.st'nt, 
when  80  much  of  the  fine  soil  is  plowed  and  left  for  a  season  without 
being  sown,  and  roods  have  l)een  established,  ^reat  quantities  of  dust 
are  carried  in  the  air  during  the  sunmier  season. 

SUMMAKY. 

The  deep  soils  and  subsoils  on  the  lava  plateaus  and  also  on  the  Ut- 
races  formed  by  the  projection  of   resistant  layers  in  ninyon  walls 
where  they  are  bordered  by  the  Columbia  Uiver  lavai  have  resulted 
from  the  disintegration  and  decay  of  the  lava  rock,  and  remain  in  their 
original  positions  or  have  been  removed  but  short  distances  through 
the  influence  of  beating  rain,  changes  of  temperature,  the  pull  of 
gnvity,  etc.     This  widely  extended  surface  sheet  of  decomposed  rock 
fomifihes  a  typical  illusti*ation  of  residual  soil.     While  it  has  been 
formed  principally  from  the  lava  roi*.k,  it  contains  some  volcanic  dust 
which  was  deposited  on  it  and  has  been  incorporated  in  it.     This  dust 
iti  richer  in  potash  and  soda  than  is  the  lava  roi'k,  and  serv(\s  as  a  fer- 
tilizer.    On  the  walls  of  canyons  where  termces  oc<*ur,  and,  what  is 
equally   common,  where  landslides  have  found  terrace-likt^  shelves, 
frequently  with  undrained  basins  on  their  surfaces,  there  is  in  ma'Viy 
csuscH  an  admixture  of  volcanic  dust,  lapilli,  gravel,  sand,  clay,  etc., 
lerived  from  lavers  of  these  substances  which  are  inti»rbedded  with 
the  lava  sheets  through  which  the  canyons  have  been  exca^'ated.     In  a 
uore  critical  classification  than  is  here  attempted  these*  soils  might  be 
x>n8idered  by  themselves  as  representing  coliuvial  dei)osits. 

The  soils  on  the  foothills  of  the  Bitterr(K)t  Mountains,  and  gen<*raily 
iiroughout  the  mountains  as  well  as  on  the  steptoes  rising  through 
iie  Columbia  River  lava,  are  also  of  sedentiiry  origin,  aiui  have  n^sulted 
from  the  disintegration  and  decay  of  the  rocks  on  which  thov  rest. 
rhe  rocks  fonning  these  uplands  yield  to  the  iiiHuences  of  the  atmos- 
phere less  readily  than  does  the  basalt  of  the  adjacent  platiMius,  and  fur- 
liah  a  soil  that  is  less  homogeneous  and  less  thoroughly  disintegrated. 
No  soils  of  glacial  origin  occur  in  the  region  represented  on  the  map 
fonuing  PI.  II.  Ti'ansported  soils  occur  in  areas  of  limited  extent 
klong  the  rivers,  and  are  principally  the  dei)()sits  of  th<^  rivtMs  in  rec(»nt 
;inie4,  although  a  few  remnants  of  ancient  flood  plains  still  remain. 

piiy81C)(;kapiiv. 
flklation  of  surface  relief  to  geologic  structure  and 

CLIMATE. 

As  is  well  understood,  the  present  diversity  in  the  relief  of  all  land 
ireas  is  in  the  main  the  net  result  of  two  series  of  changes,  or  of  the 
iction  of  two  a^ncies  which  are  in  opposition  to  cftidv  otlve,\'.  Ovvs.  q1 
'ibese  embraces  the  itiovemcnts  in  the  earth's  ctviSt  V>^'  ^VvStv  xosJ^^x^ 
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aised  above  sea  level,  or,  if  origiimlly  afjove  that  horismn,  mv  foHcid, 
'tllt*yf .  cU:. ;  while  thu  othPi*  inrliwii'H  tht^  deuudin^r  action  of  the  utnioii- 
pherp  and  of  wafer,  and  ha«  for  it«  ohject,  so  l4»  apeak,  the  carving 
awuy  «f  all  land  areaa  to  nvn  le\'(>l.  In  t-ouatrifs  where  the  rainfitll  is 
email  the  ehtin^s  in  relief  pividiieed  hy  upheaval,  or.  more  detiuiti'lv, 
the  Biirfaet"  irrefjulantics  resulting  from  the  folding  and  brpaking 
(faulting)  of  the  rocks  and  the  tilting  of  areas  of  greater  or  less  siw 
bounded  by  foldf  or  faultM,  I'emaiR  prominent  for  a  long  period  of  tliw, 
and  fre<)ucntly  furnish  tlie  most  eonspicuoiis features  in  the  topognipby; 
while  in  humid  land»,  parlieularly  where  the  climate  is  warm  a;!  wtli 
ae  humid  and  vegetation  is  luxuriant,  roek  docaj-  is  rapid,  and  tip 
uiot^t  eonspieuou^  features  in  the  relief  of  the  land  are  likely  to  be 
such  as  result  from  denudation.  Between  these  two  extremes  tlwre 
are  all  degrees  of  gradation. 

In  the  Nez  Ferot^  region  the  rainfnll,  as  already  statf-Hl,  is  small,  but 
iiima  rifling  in  the  mouiitainH  to  the  eastward,  where  preeipitation 
i  heavy,  flow  uei-fws  it.  and  eonspieuou.^  features  in  the  relief  are  due 
loth  to  movements  in  the  underlying  rocks  and  to  stream  erosiun. 
r  these  rea.-^ms  a  knowledge  of  tlic  structure  of  the  rocks  ajid  of 
;te  manner  in  which  streams  have  excavated  channels  in  them  is  esiwu- 
in  order  to  understand  the  «igniticanwi  of  the  larger  topographic 
iatures  of  the  surface  as  it  exists  to-day.  In  fact,  nearly  the  entire 
bitory  of  u  region  ncods  to  lie  considered  In  order  to  l>e  able  fuUy  to 
interpret  its  present  relief.  ^^^-^ 

ORIGINAL   LAVA   PLATEAU. 

S- r;ir  u.-^  thr  \cz  lVi'c.>   n-gi,.i.  is  cimccrni-d.  llicre  s, ,  to  haw 

liecn  no  oirL-^picuiius  ruoveincnt.-i  in  the  eurth',-i  crust  during  the  tinii* 
the  (.'oluinliiit  liivcr  iiivii  wiiN  luring  [touivd  imt.  In  other  words,  mi 
far  as  known  there  lire  no  iiiUdul'onMitics  in  the  liiva  wheels  duo  to 
moveini-nts  in  one  imrlioii  lict'on-  the  next  sui-cccding  sheet  wa.«  .-^iiread 
out  almve  it,  iilthmigh  liini>  inliTviil.-;  Iietween  .successive  sheets  are  in 
some  i n. s til ncc.-*  rcconled  liy  r-rdinictil:irv  :iiul  other  de|H),-.it>.  "I'lii' 
edges  of  the  hivji  .■sheets  cxjiOM-.l  in  c:iriyo'ii  tt,dl>  iirc  ^ilwuys  i^.-ontuillv 
parallel  with  one  anuthcr.' 

A  starting  point  in  the  .-ludv  of  lli.>  |iivsciil  relief  i.-^  thu^  furni>h(.'a 
by  the- condition  of  llic  siirfiicc  .il  tljc  tiini'  the  Itust  sheet  of  I.imi  «;i- 
spi-eadovcr  it.  At  tlic  tiniLTcferrcil  to  Nc/  I'crci' County  :ind  the  coun- 
try iidjncciit  to  the  I'oolhill.K  of  tlic  liitlci'n.ol  .Mountains  wiis  a  feature- 
less pliiin,  diver-ilicd  ordy  l>y  a  few  isiand-likc  jwiiks  that  rose  tlirougl 
the  lava.  ThLs  plain,  we  urc  juslilied  in  iiM>uiniMg.  was  siiiiilur  to  thi 
surfaces  of  many  lavii  .-ilu'els  of  recent  date  which  have  been  studied. 
and  presented  a  rough  and  niodecutely  uneven  expanse  of   black.  sci> 

'.In  crpepii'-ii  ((;  (hiji  iMl.:iiu'iil  will  (K'rtmiis  1^-  b.uiiO  in  [he  i 
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riacoous,  slag-like  rock.  That  it  was  absolutely  level  is  not  tv  be  sup- 
posed, since  lava  sheets  may  continue  to  How  after  their  surfaces  have 
cooled  and  hardened,  and  the  surface  crust  is  frequently  broken  and 
perhaps  forced  up  into  ridgas  and  hilkn^ks.  In  a  thick  lava  sheetshrink- 
agt»  occurs  after  its  surface  has  hardened,  and  the  surface  is  dc^formed 
and  frequently  forced  up  into  ridjjes  or  dome-like  forms  which  crack 
open  along  their  tops.  For  these  and  other  reasons  it  is  to  be  presumed 
that  while  the  surftu*e  of  the  hist  sheet  of  (-olumbia  River  lava  formed 
a  plain  without  conspicuous  ine(}ualities,  it  was  far  from  l>ein^  smooth 
and  even. 

If  we  knew  the  elevation  of  the  surface  of  the  last  sheet  of  lava  as 
it  existed  before  being  defoniied  by  movements  in  the  earth's  crust, 
much  assistance  would  l)e  gained  in  tracing  the  history  of  the  present 
highly  diversified  topogniphy.  While  a  definite  answer  to  this  ques- 
tion can  not  at  present  be  given,  certain  facts  enable  one  to  reach  an 
approximate  determination  as  to  the  original  level  of  the  lava  plateau. 

As  already  explained,  the  Columbia  River  lava  was  |)oured  out  in  a 
molten  condition,  in  a  series  of  vast  inundations,  over  a  dec^ply  eroded 
land  surface.  The  contac^t  of  the  lava  with  the  formations  on  which  it 
rests  is  always  unconformable,  and  between  the  two  there  are  no  mas- 
sive sediments.  As  the  pile  of  lava  sheets  is  in  plac*es  more  than  4,000 
feet  thick,  it  follows  that  the  last  sheet  spread  out  must  have  had  at 
least  that  elevation  above  the  seii,  unless  the  old  land  surfa(*e,  like  the 
region  about  the  Dead  Sea  and  the  bottom  of  Death  Valley  at  the  pre- 
!4ent  day,  was  below  sea  level,  which  is  improbable.  The  only  other 
escape  from  the  conclusion  just  stated  seems  to  be  that  movements  pro- 
ducing a  depression  occurred  during  the  time  the  lava  sheets  were  being 
formed.  If  such  a  downward  movement  did  occur,  it  was  evidently 
not  sufficient  to  carry  the  surface  below  sea  level,  for  no  marine  sedi- 
ments have  been  discovered  ])etwcen  the  lava  sheets,  rnconformities 
due  to  a  folding  or  tilting  of  the  earlier  formed  lava  sheets  before  the 
succeeding  sheets  were  spread  out  have  not  been  discovered  in  the 
eastern  portion  of  the  formation  under  considc^mtion,  although  such 
unconformities  are  known  in  the  Cascade  region.  Whether  the  move- 
ments which  caused  the  unconformitv  referrc^d  to  influenced  the  east- 
ern  iX)i'tion  of  the  lava  sheets  can  not  at  pi(\s(Mit  be  detinitely  stated. 

From  these  considerations  it  might  reasonably  b(»  expcct(»d  that  since 
the  lava  sheets  in  eastern  Washington  and  Oregon  and  the  adjacent 
portion  of  Idaho  are  still  horizontal,  tlie  surface  of  the  plateaus  thus 
formed  should  have  an  elevation  of  at  least  4.(MMJ  feet  above  the  sea. 
Instead,  however,  wo  find  in  numerous  instances  that  the  general 
elevation  of  the  platciius  underlain  by  essentially  horizontal  lava  sheets 
is  between  3,000  and  8,300  feet.  This  ditference,  approximately  1,000 
feet,  between  the  present  elevation  of  the  locally  undisturl>ed  plateaus 
and  what  is  assumed  to  have  l^een  their  ong\Yva\  ^^o^\\A»ii   ^^"ClX^ 
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in  re/iTonce  to  tho  movcMiirnts  tliat  have  alfe<ttMl  adjariMit  area? 

fhostmta  nro  no  longcM-  horizontal.     Ahout  th<'  foothills  of  the 

roof  Mountains  thoro  arc  nmnv  small  vallovs  which  still   n»t: 

Ih'oI  rt(K)rs  jjfivon  thoni  hy  tho  last  inundation  of  Cohunhia  U'lVi 

Those  floo IS  are  horizontal,  and   h(»nrath  th(»ir  I'ovrrinirs  <»f  al 

-    >  their  scoriae 'oo us  surfa<M\s  are  to  hr  stM'ii.      In  sev(M'al  surh   in 

the  elevation  of  the  lava  surfa<'e  is,  hv  aneroid  ineasunMuent 

« 

-  -  .S.<HH>  foot  above  tin*  s(»a.     This  is  also  the  mMieral  elevation 

.,   .  I'niontown  Plateau,  to  the  north  of  Lewiston,  beneath  which  t 

.sheets  are  horizontal.  The  Tniontown  IMatenu,  nithouirh  its  I 
ries,  oxre])t  on  the  south,  have*  not  been  detined.  is  certiiirdy 
hundred  squan*  miles  in  anni.  and  t»xttMids,  without  any  pen 

fiv~-  strurtmiil  ehjin^e  in  the  rocks,  eastward  to  the  foothills  of  the 

TOiit  Mountains,  and  on  the  northwest  is  believed  to  nierye.  ' 
any  conspicuous  chanj^fe,  into  the  still  more  extensive  i-eifion  of 
rhanictor  known  as  the  Palouse  countrv,  where  tlie  lava  >herts  i 
horizon tjL]«  or  iK)ssibly  have  a  slijrht  dip  to  the  westward,  anc 
the  «^enonil  surface  elevation  is  also  about  M.tMio  feet.  Tliis  e> 
region  of  <».ssentially  horizontal  lava  sheets  ha>  evidiMitly  not 
jfone  loi-al  deformation;  and  where  adjac<*nt  areas  beneath  wl 
strata  are  inclined  are  ImMow  its  level,  it  seems  safe  to  conclu 
they  have  Ijcen  depres.sed:  and  where  similar  areas  stand  ab< 
assmned  datum  phiius  the  coindusion  is  that  they  have  been 
upniised.  Alore  definite  reasons  for  assuming  that  tin*  Tni 
Plateau  may  be  taken  as  a  datum  plane  for  determinin*^  the  am 
differential  nioveuK^its  that  has  taken  place  in  the  adjacent  p 
will,  the  writer  thinks,  be  n»co^nized  in  tlie  somewhat  detailed 
of  fiict.s  which  follows. 
m'..  -  The   lava-covered   ])ortion  of   the  re<rion   reprc.scnte<l  on  t! 

fonnin^  PI.  II  is  divided  naturally  intijsix  more  or  less  well 
areas  of  primary  rank,  which,  when  inclin<'d.  illustrate  the  iv, 
the  movements  which  have  atlectcMl  tht*  rocks  iM'ncath  them. 

t '  'i         '[,.,     area-s  are  the  Uniontown  Plateau  and  the  Camas  and   Kamiah  | 
--I-.'-;;-       Ijeneiith  which  the  lava  IxmIs  are  horizontal,  and  the   l>lue   II 

r'^'  :."-'■'        Lewiston  and  Clarkston  plateaiis.  and  C'raitr  Mountain.  b«'neatl 

the  lava  beds  are  inclint'd. 

f^n/.f^nifftr/i  /^ffffrt/u,  Uisinji:  from  tht*  north  ur  ri<rht  l>ank  o 
water  River,  thr()U(rhout  the  lower  l^■>  or  :'>o  miles  of  its  cou 
continuing"  westward  beyond  Lewiston.  is  a  bold  escaipment  v 

'^'^''j^-'         its  central  part  has  a  height  of  about  2,oun  feet.     This  is  oih 

raost    pronoiiiHH»(l    t()po<rniphic   featun\s  in    Nez   Perc(»  Couii 
...      _,  ...  ^ 
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altboug-ii  insonie  respects  it  restMubles  the  walls  of  the  deeper  | 

of  several  of  the   ^^.^^jit  canvons  in  tin*  same  rejrion,  it  is  plai 

diffcnmt  mturo  u^^i  ^^.i^rin.  *  For  example,  then*  is  l)ut  cmc  esca 

:^V;        not  two  facing.   ^,^^^  ^^  ^^^j^^^^.^  .^^  ^^  ^\^^,  invse.  o\  v\  vvv\^Nv^^^,v^v^ 
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minor  wuy,  a^  will  Imi  explained  later.  Thcu,  too.  the  straUi  in 
ClearwutcM'  OFuurpinent,  hh  it  in  ronvenient  Ut  term  it,  are  for  the  moitj 
part  not  the  e<lgx<M  of  horiitontiil  :ftnita,  tw  in  iHiiiiniunly  t.ht'  r 
the  ueighl>orinp  ranyon  walls,  but  are  formed  of  inrlined  beciH  which 
dip  southward.  In  the  centml  and  highe.st  portion  of  the  p-si'«rj)nifjit 
thin  Houthward  dip  is  at  a  high  angle.  frcqucDlIy  4<i  or  6u  degrees,  hut 
near  its  extreinitien  the  inelination  is  more  gentle.  On  clinihirig  the 
iweiir[)nient  it  will  Jie  found  to  lie  the  border  of  the  nearly  level  I'nion- 
town  Plateau. 

At  the  Imrtoof  theCieftrwateiemarpment,  and  in  general  aliout  l.f>OQ 
feet  lower,  are  the  (Jlarkston  and  Lewiston  plateaiin,  dewcribed  further 
on.  The  lava  Ahcntj^,  and  certain  sedimentary  beds  intcrsti-atifiedwitb 
them,  which  underlie  the  Uniontown  Plate^iu.  are  horizontal,  or  essen- 
tially so;  hut  in  the  Clearwater  escarpment  they  bend  abruptly  down- 
ward, and  at  its  l»ase  they  flatti^n  out  beneath  the  Claikston  and  Lewistoa 
plateau;^ — that  is,  the  eiwaiiinient  is  a  tiionoctinal  fold,  which  begins  at 
the  east,  in  the  neighhorhotKl  of  Agatha,  as  a  gentle  flexure,  and 
increaseij  both  in  height  and  in  the  inelination  of  tJie  layers  a*  one  fol- 
lows it  we~stward,  until  near  Lewi«ton  its  height  iw  alkout  a.lMW  feel 
and  the  dip  of  the  birds  from  40  to  50  degrees.     Still  farther  west,  along 


the  north  side  of  Snake  River  for  3  or  4  miles  below  Lcwistou,  the  fold 
Ijeeomes  u  break  or  fault.  How  this  fault  tcruiinatch  sit  thu  west  if 
not  known,  but  such  facts  as  are  in  hund  sutrtrest  thiit  near  Aljjowa  it 
passes  again  into  a  fold,  which  continues  ■westwui'd  akmir  the  creek  of 
the  .same  name.  The  entin;  length  of  the  fold,  inchKiiiig  the  2  or  3 
miles  where  it  is  broken,  is  iilxiut  50  miles. 

A  peculiar  and  interesting  fact  in  connecticin  with  the  uHnioi'lina! 
fold  just  described  is  that  Clearwater  River  Hows  ilirci'tly  akmg  it  for 
a  distance  of  about  35  miles,  and  has  excavated  a  canyon  in  it.  The 
relation  of  the  river  to  the  fold  is  illustrated  in  lig.  1,  which  may  be 
considered  a  genenilized  north-south  section  alwut  *i  miles  cast  of 
Lcwiston. 

At  the  locality  referred  to,  and  for  a  distance  of  aiioiit  li)  niilos 
ijp!^trp!irii.  the  southward  dip  ot  the  vwW  ^-iv\\\m\s;  the  south  side  of 
(7(vjrH'j((r>r   \'aJh!y  is  well  shown.      \yvu«,  to  V\ii  ^^:A  'A  V^NN\,\i3i 
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Snako  River  enters  this  same  monocliniil  fold  whore  it  changes  to  a 
Auilt,  and«  bending  westward  at  almost  a  right  angle,  continues  in 
iiearly  the  same  course  that  the  Clearwater  has  in  the  portion  referi'ed 
to  above.     From  the  abrupt  bend  made  by  Snake  River  just  lielow 
LewiHton  to  the  equally  sharp  curve  made  at  Alpowa,  the  river  flows 
along  the  monoclinal  fold,  in  part  a  fault,  which  unit4\s  tli(»  Uniontown 
Plateiiu  with  the  Clarkston  Plateau.      On  the  south  side  of  Snake 
River  lietween  Ijewiston  and  Alpowa,  the  southward  dii)ping  rocks 
form  a  conspicuous  precipice  facing  north,  in  which  a  layer  of  colum- 
nar liasalt  is  well  exiwsed.     The  southward  dip  referred  to  may  readily 
be  seen  from  any  commanding  point  near  Lewiston.     A  north-south 
section  midway  Ijetween  Lewiston  and  Alpowa  would  1)0  similar  to  the 
one  shown  in  fig.  1,  but  the  southward  dip  on  the  south  side  of  the 
river  would  1x5  more  pronoum^ed. 

The  Uniontown  Plateau  is  underlain  all  along  its  southern  })order, 
and  apparently  throughout  practically  its  entire  area,  })y  horizontal 
sheets  of  basalt,  which  include  at  least  one  important  bed  of  clay,  sand, 
and  gravel,  at  a  depth  of  about  160  feet  below  the  surfiu*e.  The 
plateau  is  undulating,  owing  to  stream  erosion,  as  will  be  discussed 
further  on,  and  at  several  localities  on  its  southern  border  deep  notches 
have  been  cut  by  streams  flowing  into  Clearwater  River. 

Clarkston  and  Leioiston  plat'eatts. — The  country  to  the  south  of  the 
Clearwater  escarpment  in  the  vicinitj^  of  Lewiston  and  Clarkston  has 
been  depressed  about  2,00()  feet  below  the  level  of  the  Uniontow^n 
Plateau,  and  the  strata  beneath  it  are  inclined  downward  toward  the 
north.  This  inclination  is  slight,  however,  but  it  aflfects  the  rcK^ks  for  a 
distance  of  about  20  miles,  so  that  its  influence  becomes  conspicuous  in 
the  larger  features  of  the  surface  relief.  As  the  displacement  producing 
the  escarpment  referred  to  dies  out  to  })oth  the  east  and  the  west,  there 
is  also  an  inclination  of  the  beds  beneath  the  sunken  area  and  adjacent 
to  the  base  of  the  Clearwater  escarpment  toward  the  center,  where  the 
movement  was  greatest.  This  center  is  at  Lewiston-Clarkston,  but  the 
dip  of  the  beds  is  too  slight  to  be  o})served  in  rock  outcrops,  }>cing 
only  about  1,50^^  feet  in  a  distance  of  20  miles,  although  it  is  apparent 
in  the  surface  si  >pes  of  the  country. 

Thus,  the  region  to  the  south  of  the  Clearw^atcr  escarpment  has  the 
form  of  a  trough,  with  the  axis  running  a})out  north  and  south.  This 
axis  determined  the  general  course  taken  by  Snake*  River  from  the 
mouth  of  Grande  Ronde  River  to  Lewiston-Clarkston.  Other  move- 
ments also  have  aflfected  the  region.  The  rocks  to  the  west  of  Snake 
River  have  a  gentle  inclination  toward  Le\viston-C)larkston  over  the 
broad  area  which  is  cut  by  the  canvons  of  the  vaiious  lu'anches  of 
Asotin  Creek.  This  nearly  level  but  deeply  dissected  country  has 
been  termed  the  Clarkston  Plateau.  The  town  for  which  it  is  named, 
however^  is  in  the  canyon  of  Snake  River,  a\K>\i\>  ^A^  ioRX^X^vsH^  ^^ 
genend  surface  of  the  plateau. 
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Oil  (-rossing  the  (llarkston  I'latoau  from  ite  eastern  border  nloity 

Inukit  River  townrd  the  itoiithweot,  tho  surfaec  coiitiimiw  to  rise  uutJI 

("iiie  platpaii  nmrpes  into  tliu  I»rg*'  dome-shaped  uplift  known  an  the 

"Mue  Hilln.     In  this  iiptift  th«  lavii  Itedn  nre  <«rn«i  u)>oiit  a.iHH)  foct 

liigher  than  thu  xiirfniM!  of  thv  I'niontuwii  Platc^au.  nliowitig  that  there 

H  ))Gen  a  local  uplifting  of  the  lava  shcRtn  nlnive  tfadir  on^fiiial  |KMi- 

in. 

Thp  country  to  tht«  east  of  8nak(>  River,  for  a  distanr^  of  nbout  15 
[)iniW  iiliove  Lowiston.  ha.-*  a  gcntlp  iiivliuation  toward  that  irity.  hut 
Ijjt  18  rougfai'ned  liy  stream  erosion.  This  platoaii,  which  has  been 
ptmnod  the  l.^wiston  Plateau,  when  crossed  i»  a  diiection  sonthratti 
[ftoni  thi!  U)wn  for  which  it  ii»  named,  rinea  gently  until  tho  !«(*■  of 
[Craig  Mountain  i^  reached,  where  there  is  a  Htfiep  at>oent.  Tho  strata 
Pliencath  the  phiteau  corrt^-jtptind  in  dip  with  tho  surface  slope  of  the 
■ibroad  arens  between  the  Htmam-cut  canyons,  and  at  the  border  of  ("raig 
'31ountain  they  fin'  !>ent  sharply  upward.  The  Iatt«r  mountain  is 
^£>nxitHl  t)y  a  rnonoclinal  fold  similar  to  the  lai^er  fold  whi<;b  deter- 
ninen  tho  south  border  of  t!ic  Uniontown  Plateau,  as  will  Itc  described 
•  fullv  further  on. 


The  Cliirki^lon  and  lA'wiston  pliLleaus  are  in  reality  a  single  topu 
ffntpliii-  feature,  liut  it  is  convenient  to  give  them  separate  considera- 
tion, on  aiT-ount  of  tiie  depth  of  Snake  River  Canyon,  which  has 
been  excavated  alorii,'  the  axis  nf  the  gentle  north  and  south  troogli 
into  which  the  rucks  have  been  bent.  Snake  River,  however,  doesnet 
follow  the  axis  of  this  tn.ufrh  precisely,  bnt  the  northeastward  slop' 
of  (he  rocks  a«a\  from  Ihe  Blue  Hills  extends  east  of  the  canyon,  a- 
CUM  be  seen  in  Iniiklns;  uvei'  the  region  from  commanding  points  on 
the  hilis  near  Wnha  (I'l.  VII).  or  from  the  summit  of  the  Clearwater 
escarpment  near  Lewislon.  and  as  indicated  in  the  section  showo  ii> 
tiff.  y.  hi  the  couTiliT  on  the  east  side  nf  .Snake  River  t'anyon  oppo- 
site Asotin,  the  axis  of  the  synclinal  trough  formed  by  the  juDction 
of  the  strata  whicli  rise  from  it  to  tlie  east  aiid  the  west  lies  aboill 
2  miles  east  of  the  course  followed  liy  the  river. 

It  is  imj>orbiat.  in   reference  to  the  (juestion  of  obtaining   artes 

wat*'r,  to  note  (hat  the  surface  slope  of  tile  broad  roumanb«  between 

tbi;  filreanis  ivhich  have  disspct^'d  the  Lewiston  and  Clark.ston  plateau,-. 

and  also  the  inclination  of  the  strata  \ww*^a.\.V\  tiive  sv«\iw;)i,\sdovviiwari! 

towiird  tbf  toivn.s  for  which  the  pV.ue\v\\nWveAw«ft  «».wi«A, 
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i^ne  finUs  it  to  Iw  the  upraised  itordor  of  a.  broad  platt^u  which  h 
IDCliued  to  the  HoutbeaHt.  liut  which  kooii  ttiitteniii  and  form!*  the  Camat 
'«nd  Kniiiiiili  pmirios. 

The  northwest  bonier  of  CruiK  Mount«iii  ia  an  ejwarpmpnt  of  Ihe 
SMiie  geiii-mi  ohai-acter  as  Uie  one  forming  the  south  border  of  llw 
tonioiitown  PlatJ'iiu.  but  it  in  Ips^  pronoiiiic«l.  It  is  a  monoctinal  Mi 
,irhirh  uiiitcN  the  Lewintun  Pliiteau  on  the  northbiiKt  with  the 
And  Kauiiah  prairies  on  tho  NOutJiejLst.  It  ditTciti  from  the  Clearwater 
j^scarpnient,  principally  in  the  fact  tiiat  tho  two  plntoaiw  which  it  udiIm 
iiopv  away  from  itti  longi^r  axiN  in  each  direction.  A  section  through 
l^e  Lewi^ton  Plateau,  Craig  Mountain,  and  C^niui'  I'rairie  would  shan 
<;the  relations  exprt^sned  in  ti|;.  I). 

Such  a  fold  may.  perhapw.  In?  termed  u  jjentle  anticline,  tmt  as  it 
tnittes  two  broad  plateaus  in  which  the  strata  are  but  gently  inclined, 
JtseeniH  more  ii.'i-iinit<>  to  designate  it  ii  monocline. 


I 


3.— Seplion  Ihniugh  Lcvinoii  Ptmvai 


At  ite  northeastern  extremity  tie  Craig  Mountain  fold 
A  a  broad,  gentle  swell,  and  from  this  indefinite  beginning  it  inciuiuSlI 

ill  bei^'bt  iinfi  sloepnes.-  t..  tlie  >niithw,-st  until  in  the  viriuity  uf  Waha 
it  is  iiliout  l.iiou  tVi.'t  liiyti  niiii  pmlniblv  piisMOs  intn  ;i  fiiidl.  hi  it.- 
higher  portion,  overlooiiiny  Siiiike  iiiver  Canyon,  Cniij.'  Moiiiitjiiii  has 
an  elevation  nf  nearly  5,0110  feet  a>>ove  the  sea,  and  is  deiiselv  forest 
covered.  It  iw  not  a  nmooth  plateau,  bnt  has  lieeii  trenched  by  strefuu 
erasion.  The  most  coaspicuims  ehantretbus  produced  is  in  the  ca.«eof 
Mission  Creek,  which  ban  its  wource  well  to  the  southeast  of  the  crest 
of  the  uplift.  tldWH  aiTii.is  it  in  ii  deep  canyon,  and  continue.^,  to  il> 
junctiiiii  witli  I^'ipwiii  t^-eelt,  in  a  ciuiyon  cut  in  the  ivi'wistim  Plateau. 
C'lmm  <!„(/  JuNif!iih  pr'nri.,-<.—'Vo  the  suutiiciLst  of  Cnii^r  Mount.iir 
lie  the  broad  Cimias  luui  Kimiiab  pniiries.  Iieiicnth  whii'h  the  hivi'rsuf 
Columbia  Kivcr  lava  over  ;in  extensive  urea  lire  nearly  liorizontiil.  Tlii- 
platcaii  measures  about  40  miles  in  length  from  nurtheiiiit  towiuitliwesl. 
and  is  about  2,'>  miles  wide.  The  lava  sheets  lieneath  it.  althimtrh  Imri- 
zontal  throughout  nearly  its  entire  exti'nt,  are  bent  upward,  as  alreudv 
stated,  along  its  northwcstei'n  marjfiTi.  to  form  tbi'  Criiijr  Mountain 
monocline.  The  border  of  the  sheets  uiljiicenl  to  the  Liplunds  of  dldi-r 
rock  on  the  south  and  cast  arc  also  gently  inclined  upward  from  tfie 
great  central  area.  Whether  tho  nicks  in  this  region  form  a  cuniplcii' 
bawis  remains  to  bo  determined  l>y  a  study  of  thi'  structure  in  the 
yicinitr  of  Agntlm.     There  the  VhVs  iwv  nc>\v\\  (it  v-\vvite  Iiorizonlal, 


towu-l  PHYSIOGRAPHY.  61 

and  the  Cam&s-Kamiah  Plateau  nior^t>H  ii)to  the  Unioiitown  Plateau, 
with  little  if  any  line  of  deiiiaivntion  In^tween,  except  sueh  as  has 
nwulted  from  erosion.  The  general  elevation  of  the  })road  ('('iitml  por- 
tion of  this  plateau  is  alK)ut  ;'i,(MM)  f(»et,  and  its  surface  is  (l(H»ply 
trenched  by  various  l)ranche^  of  Clearwater  River. 

Sutnmun/,—ThQ  deformation  of  the  Nez  Perce  region  since  the 
outpouring  of  the  Columbia  River  lava  has  been  mainly  in  the  direction 
of  a  tilting  of  the  once  horizontal  lava  sheets  over  l)road  areas.  The 
movements  have  Ixjcn  gre^itest  along  certjiin  lines  where  sharp  folds 
have  been  produced  which  at  times  pass  into  faults,  as  the  Clearwater 
and  Craig  e^scarpments.  The  most  pronounced  change  has  taken  place 
in  the  Blue  Hills,  where  a  dome-sha|wd  uplift  has  })een  mised.  This  so- 
called  dome,  however,  is  steepest  on  its  southern  side,  and  from  another 
point  of  view  may  with  propriety  be  considered  of  the  same  tyiie  as 
the  Craig  Mountain  fold,  but  of  larger  size,  and  without  a  bi-eak  in  its 
steeper  side. 

The  class  of  folds  represented  by  the  Blue  Hills  dome,  Cmig  Moim- 
tain,  and  the  Clearwater  escarpment  may  be  likened  to  waves  and 
swells  on  the  ocean;  some  are  upswellings  with  nearly  circular  Inises, 
others  are  elongated  and  have  steep  slopes  on  one  side  of  the  c^rest  and 
a  gentle  descent  on  the  opposite  side,  while  in  other  inst^mces  the  waves 
break,  as  when  a  monoclinal  fold  passes  into  a  fault.  There  are  also 
basuis  between  the  elevations,  and  extending  through  the  waves  and 
troughs  alike  are  the  deformed  layers  of  once  horizontal  lava  sheets. 
The  elevBtions  and  depressions  are  so  broad  and  the  inclinations  of  the 
strata  in  general  are  so  gentle,  that  the  geologic  terms  in  current  use, 
derived  principally  from  the  study  of  sharply  folded  regions,  can  not 
be  applied  to  them  without  conveying  false  impressions.  The  gener- 
alized type  of  the  structural  features  may  be  considered  as  a  mono- 
clinal fold  connecting  two  broad  plateaus  in  which  the  strata  are  either 
horizontal  or  gently  inclined.  The  greatest  departure  from  this  type 
occurs  where  the  fold  approaches  a  dome  in  shape,  or  where  the 
steeper  limb  of  a  monocline  is  broken  and  becomes  a  fault. 

LEADING  FEATURES  IN  THE  RELIEF  DUE  TO  EROSION. 

The  Nez  Perce  region  is  charac^teristically  a  land  of  deep,  steep-sidc^l 
canyons  with  broad,  generally  level,  remnants  of  the  dissected  phiteaus 
l>etween  them.  The  canyons  are  naturally  divided  into  two  classes  in 
reference  to  the  origin  of  the  streams  that  excavated  them:  (1)  Those 
through  which  flow  rivers  the  courses  of  which  w(M*e  determined  before 
the  deformation  of  the  original  lava  plat(»au  occurred,  and  are  therefore 
to  be  classed  as  antecedent  Htreama;  and  (ii)  the  canyons  cut  })y  branches 
of  the  master  streams,  which  in  most  instances  had  their  courses  deter- 
mined by  the  slopes  of  the  secondary  plateaus  and  the  monoclinal  folds 
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which  were  produced  by  aiovemente  in  the  earth's  crust,  and  vh'wb 
niay  therefore  l»e  teiiiied  cotmojutsU  »trtam». 

M;^niticent  exanipl&s  of  tiauyoiii*  produced  Tiy  iintccedenl  sti-oaio'* 
are  furiunhpd  liy  Snake.  Hnlaion,  Clparwat^r,  luid  Gmndp  [{ondo  riven*- 
Eacii  <if  the«^  livt^rs  flows  throut;h  a  profound  i-anyitn  of  its  own  iiisk- 
ing,  but  Ihu  height  of  the  liordoring  walls  varien  from  place  to  pWi* 
in  lUH'^mlance  with  tho  inovenioiiUt  in  the  direction  of  i-lcvntiou  or 
deprotwion  which  liave  affected  tho  country  it  cross«>».  Whore  jila- 
tcau.«  or  momxiltnal  folds  hnvt^  hc«n  boldly  nproised  athwart  the  loiin' 
of  u  stream,  itu  bordering  walls  arc  high  and  rugged;  and  wht-rotlic 
rocke  have  liecn  depressed  tho  work  of  the  tttrmin  han  been  Ic-wto 
ottabliMii  H  graded  course  to  the  *c».  and  it^  canyon  Imh^'oiiicm  corrt- 
Bpondingly  shallow.  In  other  words,  tha  HtrcainH  ant«dat«  the  lime 
when  Hie  plateaus  weit>  tilted  or  the  nionwlinal  folds  and  faultJ4  ituik- 
into  t^xist^mw,  and  have  niaintainnd  their  right  of  way  aa  tho  country 
was  deformed.  The  conse(|ueMt  strejuiw  repifjiprited  by  Asotin,  Lap- 
wai,  TniMiiiany,  Lawyers,  and  many  otlier  creeks  have  had  their  course.' 
detefniini>d  by  tho  nloimi  giv*^n  to  the  various  f*econdary  plateaus  into 
which  the  originally  level  lava  shi-ots  have  been  broken,  and  the  doptha 
of  the  nmyorit"  they  have excavatod  have  been  determined  by  liiodcpth)' 
of  the  great  canyons  cut  by  the  uiastcr  streams  to  which  they  arc 
tributary. 

thni/onn  iif  Snake  JH't'er, — The  head  briLnchi''S  of  8nakp  Uiverarvin 
southeaHturn  Idaho  and  in  neighboring  portions  of  Wyoming,  including 
the  weBtern  part  of  the  yellowstone  National  Park.  Tho  riverutfinKl 
Hows  westward  ii.-n.ss  southern  Idaho  fi,r  n  dislaiire  of  al".ut  i-  lO  (uH.-v  ' 
It  tbrii  bonds  Nhariily  norlhwanl.  and  for  adi.-ljuicf  .>f  l'-(i  lo  :i:.(i  mil.',- 
it  follows  thi'  iKiunditry  lietween  Idaho  und  the  States  of  Oregon  auiJ 
Washington  to  Ijcwistfin.  where  it  again  turns  to  the  westward,  and 
at  Alptjwa  makes  still  another  sharp  bend,  where  it  enters  a  st«ep-sidwl 
canyon  cut  in  the  I'niojilciwi]  I'liiLi'uu.  and  continues  in  a  canyon  to 
near  its  innetion  with  the  roluinbiii.  The  length  of  the  river  is  in  the 
neighborhiHid  of  75n  miles,  and  the  part  of  its  course  to  which  atten- 
tion is  bore  irniled  is  the  nurtheni  portion  of  the  centnil  or  north  ward- 
tiowing  sci'tii.ii,  Sindio  Hi\er  is  ohanu'teristicaliy  a  canyon  stream 
inniuirhiiut  iieiii'ly  it>  entire  length.  The  head  of  it^  canyon  is  nowal 
Idiilio  Kail.-,  in  llii-  -outheastern  part,  of  Idaho,  where  its  waters  tnakf 
11  pliMigo  iif  about  'Ml  feet  into  u  narrow  trench  in  the  basaltic  roCk. 
Foraliuiiilri-d  miles  above  thi.scascude  the  main  river  and  several  of  it* 
braneher.  How  over  llie  surface  of  a  V!i.st  lavii  flow,  and  instead  of  por- 
ruding  their  <'liajniels  they  are  upgmiiiiig  them  by  the  deposition  of 
aHuvinni  brnuglit  fi'um  (he  [noun tains,  lielow  Idaho  Falls— practically 
all  of  the  way  to  where  it  joins  the  (.'olnnibin — the  river  flows  iH-tween 
precipitous  Widl.-J  fi'i^ni  u  few  hundred  to  4,CH)l),  and  oven  (j.CKW.  feel 
deep.     From  3U  to  tin  mileti  suul\i  ot  ^cz  teivaCouwty  the  river  flows 
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:h  an  unusually  rugged  region  known  tis  the  Seven  Devils  und 
r  River  (Eagle  Creek)  mountains,  which  are  a]M>iit  9,<M)<)  fe(*,t 
nd  arc  mottled  with  snow  throughout  the  summer.  The  com- 
canyon  and  mountain  scenery  is  there  p(»rhups  the  wildest  and 
?st  in  the  Northwest,  and  rivals  that  of  the  tiinvst  portions  of  the 
celebrated  Grand  Canyon  of  the  Colorado,  exc<?pt  in  brilliancy 
>r. 

8  indicated  on  the  acc^ompanying  map  (PI.  II),  Snake  Kiv(»r  fol- 
he  western  boundary  of  Noz  Perce  Countv  for  from  4()  h>  ;"><> 
In  this  portion  of  its  course  it  has  excavated  a  canyon  which 
e  divided  into  two  well-detined  sections  of  a})out  eijual  l(Migth. 
ghout  the  southern  half  of  its  course  the  river  is  in  the  l)ottom 
agnifieent  canyon  with  deeply  sculptured  walls  4,()(K)  feet  liigh 
K)ut  15  miles  wide  at  the  top.  The  rim  rock  at  the  crest  of 
ils  on  each  side  is  formed  by  the  edges  of  a  lava  sheet  which 
liately  underlies  the  surface  of  Cniig  Mountain  and  of  another 
:  plateau  in  Oregon.  The  northern  half  of  the  portion  of  the 
1  referred  to  is  narrow,  l)eing  perhaps  2  miles  wid<»  at  the  top, 
cut  in  nearly  horizontally  bedded  lava  sheets;  the  walls,  which 
steep  that  they  appear  vertical,  are  about  2,(Xm)  feet  in  height. 
ortion  of  the  canyon  has  been  excavated  approximately  along  the 
'  the  trough  between  the  Clarkston  and  Lewiston  plate4uis,  which 
s  to  the  northward,  and  the  canyon  walls  decrease  gradually  in 

as  the  lowest  portion  of  these  depressed  ])lat04ius  is  approached 
iviston-Clarkston.  The  well-marked  differences  exhiliited  by 
;wo  sections  of  the  canyon  are  due  to  the  fac^t  that  in  the  south- 
?tion  the  rocks  have  been  upniised  and  so  profoundly  dissected 
lie  granite,  limestone,  etc.,  beneath  the  basiilt  is  exposed  and 

trenched,  while  in  the  northern  section  th(»  walls  aie  entirely 
alt  and  the  plateau  through  which  the  river  flows  has  been 
ijed  and  the  task  of  cutting  a  trench  to  a  uniform  *rnidient  nuicli 
hL  These  differences  in  the  two  sections  of  the  can  von  may  be 
lized  by  comparing  Pis.  IV  and  VI,  IL  The  former  is  a  view  of 
rrow,  steep-sidexl  c^anyon  a))ove  Asotin,  taken  from  a  locality  on 
tern  lH)ixler  near  Waha,  and  the  latter  is  a  view  taken  on  th(» 
of  the  canyon  in  its  deeper  |>ortion,  on  Cniig  Mountain  opposite 
;  Wilson,  but  the  distances  are  so  great  that  it  fails  to  convey 
k  faint  impression  of  the  magnificence  of  the  scene.  Details  of 
.Us  of  the  canyon  are  shown  in  Pi.  VIII. 

ie  River  Can\'on  in  it**  deep(^st  and  wiUh^st  |K>rtion  adjacMMit  to 
3rce  County  is  joined  by  Sjilmon  River  Canyon,  which  comes  in 
the  east  and  is  of  the  sjime  depth  and  chanict<»r  as  the  mighty 

excavated  by  the  master  stream.  About  20  miles  below  the 
3uth  of  Salmon  River,  (Jrande  Ronde  River  joins  Snake  River 
he  west,  and  also  flows  through  a  magnificent  canyon^  scarcely 
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Mt^nd  in  iU  wt'iiir  fmturfl«  t«  thiit  of  the  larger  rn^er.  Jiiid.  like  i 
aboiit4.<XXIfi?ft  (ItH^ji.  N(«r  itMiiiouthfiruiido  Koiidit Rivur  u«  joined^ 
Joneph  Oifpk.  which  has  alw>  imciivuted  &  canyon  as  deep  hm  the  o 
joinN.  Thi^no  m-vofhI  xlToiifT  ritivamn,  nt-tinp;  Hko  eiid1i>Hn  nawn,  han 
into  th4>  gtVAt  plnttmu  which  wils  clcvau^d  Hthwurt  th<iir  l-oufmi^'^.  tlad 
■  of  their  hmnchiw  hun  alxo  slriven  to  dt>ppen  iUi  cAnyon  at  the 
'  rat*  as  the  iiiiwtci'  strimiii.  ami  {\n:  result  h  that  u  ontv  ev(.Mi-*urfiio« 
And  nionot^onoupi  plateau  ha*  bet>n  given  an  exceedingly  nigged  ioymg 
taphy. 

I     The  inipreiwinn  gained  by  one  whofoUoww  the  inuaediate  Ixti-der^ 
'&)uke   River  and   it«  vwrioun  lintndioN  woidd  prohahly  Ih^  thnl  hi- 
Araverning  a  niountainoui^  region;  and  this  conclusion  is  true  enougli, 
■for  the  land  fi>nn«  to  Ijo  «wmi  are  far  more  rugged  and  h>fty  than  tin 
ridges  and  peaks  of  many  greatly  admired  niountain   range*.     It 
iMly  when  a  commanding  xummit  lo  gained,  likt^  the  top  of  MmuiA 
'Wilfton  or  tJie  boiithorn  border  of  thv  Itluv  HIUk,  that  the  relatioiiF  iil 
ittie  t<ipogrRpbio  featuren  of  an  extensive  portion  of  the  ruggod  countrjr 
^re  recogniKed,  and  it  is  seen  to  lie  a  devply  dirtsevtvd  ptateau.     In  fi 
riwchiug  views  large  area^  of  the  unmodilied  plateau  Mtirfa<^  an'  ia 
^ht,  and  the  change   fnnu  wliat   i.s  turmoil   )'<ning  t4i]x)gniphy  to 
Tniddle-nge<l  and  mature  topography  can  he  traced  in  diffei-ent  portioM 
of  the  aanie  upraifted  blot-k  of  the  oartli'i*  crust. 

One  not  familiar  witli  eanyoii  Kcunery  may  perhaps  faiit^v  that  Ihn 
-axcavationb  made  by  «ti«Mii»  in  on  elevated  pUteau  are  narrow  trwiKJMj 
with  vertical  walls— in  fact  simply  ravines  of  larger  growth.  WTiiW 
tlli^  \>  lo  Mini.-  cxlciLl  hill'  <>(  v.)HTii.M'iiriyiiiis  in  ln.iiK.jriTic.ui^^  ami  ir-i-t- 
anl  ruck.-.,  yet  wlicn  the  li-cjiclics  lieiiunc  deep,  e.-peciiillv  If  thf  n-b 
cut  through  lire  of  viiried  chiinnler,  the  original  mirmw  cxi-iivntinrt- 
are  widened.  cMiH'cially  iit  llie  top,  and  their  walls  ure  sciiliitiircd  hy 
lateral  slreaniis  and  iii'c  tri'Mched  by  rilli-  and  brunk.s  orij^'innliri^' nn 
them  so  !iH  freiiuently  tii  impart  to  llicm  great  diver.'^ily. 

In  the  case  of  tin-  niuyim  «{  Snake  Kiver  frc.nj  the  nioutli  uf  Sairiuin 
Kiver  to  near  llic  Incu'lity  where  (Inuide  Honde  Wiv.-r  joiti~  i|.  uiid 
again  a  few  miles  farthi-r  dawnstn-am.  in  llie  \  icinity  '.f  Unlljilo  IWL 
as  has  already  beer,  described.  Ilie  ( ■obmiliia  Hiver  hn  a  lorm.-  r  lie  upiHT 
portion  of  Ihe  canyon  wulls.  while  tlie  lower  slopes  are  .-in  in  older 
and  for  t!ii>  nxisl  pari  mure  cesistunt  fonnalions.  The  iippei'  |).)rtiiiris 
of  the  bi.rderinK  ualU.  e..niposed  of  ha.-idt.  have  re.-i'dcd.  and  ihe  ciin- 
yon  has  ben  widened  there  more  rapidly  lliau  in  the  lower  purlioii-. 
owing  to  the  greati'r  rapidity  with  whie'li  liasalt  weather,-,  in  (■mniwr 
ison  with  Ihe  f.jrmalinu.-  nn  which  i(  rests,  and  :ils(t  on  acenuiir  cf  ii- 
longer  exiMisiire  tn  th.>  atmosphere:  so  ihiit  ii  broad  i-anvoii.  with  -culfi- 
tared  walls  ia  which  the  cxiTOsed  edges  of  Ihe  lava  >h.-els  aro  li„riy..>ii- 
tal.  has  in  its  l)iitliini  a  narrower  canyon  willi  precipilons  :ii,d  rugfrrJ 
aidft*.      Thlfl  canyon  wilhin  u  canyon  in  <iuc  entirely  to  ditlcrences  io 
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the  resistance  of  the  roi'ks  to  wcutherin*^.  tuid  does  not  indicate  move- 
ments in  the  earth's  crust,  as  does  a  soniewliat  similar  occurrence  in 
the  Grand  Canvon  of  the  Coloiiulo. 

Throughout  the  portion  of  the  canyon  whciv  the  rocks  )>cncath  the 
'  lava  are  exposed  there  is  no  flood  phiin  and  no  land  that  is  under  cul- 
tivation. In  the  next  section  downstream,  where  only  l)astilt  occurs, 
although  a  true  AoikI  plain  is  lacking,  there  an»  small,  modenitely  flat 
areas,  comiX)sed  in  part  of  talus,  which  arc  irritrat(»d  by  water  derived 
fixjui  l»rooks  which  flow  down  steep  side  gulches,  and  orchards  of 
peaches,  apricots,  pears,  etc.,  are  cultivated,  producing  a  rich  return 
of  excellent  fruit.  The  com])ined  area  of  these  detached  fragments  of 
flood  plains  that  are  under  cultivation  between  the  mouth  of  Asotin 
Creek  and  (irande  Ronde  River  is  only  about  100  acres. 

Downstream  from  where  the  last  exposure*  of  the  terrancs  b(»neath 
the  l>asalt  is  to  })e  seen,  the  walls  of  the  canyon  an*  precipitous  from 
base  to  summit,  and  althcmgh  encumlu'rcd  with  debris  are  mostly  grass 
covered.  The  character  of  the  precipices  is  well  shown  in  PL  IV,  in 
which  the  edges  of  the  nearlv  horizontal  lava  shei^ts  can  readilv  be 
recognized.  This  portion  of  th(»  canyon,  as  previously  stated,  is  out 
in  genenil  along  the  junction  of  the  Lewiston  and  CUarkston  plateaus, 
and  the  roi*ks  are  inclined  downward  toward  the  mouth.  The  walls  of 
the  canyon  decrease  in  height  as  one  api)roaches  L(»wiston-Chirkston, 
and  at  the  same  time  its  bottom  becomes  somewhat  broader. 

Just  below  lA^wiston-Clarkston  Snake  River  makes  an  iU)rupt  bend 
to  the  westward.  This  sharp  turn  is  due  to  tlu*  Clearwater  escarp- 
ment, which  runs  at  right  angles  to  the  previous  course  of  the  riv(»r 
and  is  about  2,000  feet  high,  with  southward-dipping  beds  on  its  face 
which  are  inclined  at  angles  of  from  40  to  50  degrees  or  more.  Kvi- 
dently  the  escarpment  was  raised  across  the  courst^  of  the  river,  or, 
more  accurately,  the  platt^au  to  the  southward  was  depressed  and  tlu» 
Ntr«*am  was  turned  aside.  Th(*  rivtM*  on  turning  to  the  westward  fol- 
lows  the  )>ase  of  the  great  escariHuent,  ))ut  soon  cuts  into  tin*  fold  which 
forms  the  escarinnent,  and  flows  along  it  for  a  distanct'  of  .')  or  ♦*►  mih's, 
to  Alpowa.  There  it  makes  another  al)rupt  bend,  and  enters  a  luirrow. 
ste<'p-waHe(l  canyon  cut  in  the  rniontovvn  IMateau,  similar  to  that 
shown  in  PL  IV.  The  relation  of  Snake  River  to  the  inotioclinal  fold 
forming  the  Clearwater  «'scarpment,  in  the  portion  of  it<  course 
In'twiMMi  Lewiston  and  Alpowa,  is  the  sunie  as  t'xi>ts  in  the  «ase  of 
C'leai'watiM"  River.  In  fact,  the  portion  of  Snake  Hivcr  referiM'd  to  i-^ 
aluu)-t  a  direct  contiiuiation  of  Clearwater  River,  and  tl(»ws  al<»ng  tin* 
same  monoclinal  fold,  wliich  there  passes  into  a  fault,  leaving  a  largt^ 
y)ortion  «)f  the  southwar(l-dii)ping  rocks  on  its  southern  or  h'ft  l)onler. 
The  beds  on  the  south  sitle  of  the  river  dip  southward  at  an  angle  of  (> 
to  7  degrees,  but  soon  flatten  and  pass  under  the  Clarkston  Plateau, 
where  thev  are  nrtivlv  liorizontal. 
iHU  5o — 01 i> 
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The  varintioii8  in  tbp  depth  of  Snakp  River  Canyon  Ih>Iow  the  gen- 
MTil  level  of  till!  tirijin-eiit  pl&ti-iiu.-'  illtistiiite  tht*  i-olation  of  ibo  riv 
*ork  t*)  the  tleforumtion  which  the  roi-ks  have  undorpone.  and  »! 
■hat  whoiv  the  roi'Wt"  Iirvp  bwii  lifted  hight^sl  tho  trcm-h  rut  liythe 
■iver  IB  deepest,  and  where  the  rocks  hnvp  })een  dejiref^MHl  Uie  walUwf 
tn  lainyon  liPi:omp  low — at  Lewislon-C'liirknton  tbp_v  nearly  di-tiippftir, 

Siiakv  River  Canyon  is  t>pic»l  of  the  cla^s  of  Itirgor  ranyons  in  fh* 
^ez  Pprce  ivj^ion,  and  to  savo  spiiefi  and  avoid  i'epetiti<in  the  trthprs 
lOnd  not  Ik"  dewrit-'od  iil  length. 

Vitnyrm  of  frnttidt-  lio/id,  lii'i-fi: — The  (ountry  to  the  south  of  the 
iiuii  IUUm  is  a  hifili.  deeply  disseetwJ  plHtA.'uu  of  the  waine  jreneral  clwr- 
ictpr  as  the  neighbor iii^  region  in  whieli  Snake  River  has  exoivatpd 
t-*  nmgnilipent  ennyon.  except  that  the  Cohimhin  Kiver  iavn  tlii-re 
■cems  to  Ite  thicker.  ti.»  the  rocks  heneiitb  it  are  not  exposed. 

Oraiido  Uonde  River,  .Joseph  (.'reek,  and  their  various  trihulnriw 
mvc  exeUMitl'd  deep  euiiyuns.  and  the  reiiinaDbn  of  the  original  plutoau 
lave  bean  reduced  in  width  until  in  many  instancex  they  are  .''harp, 
errate  ridges.  Everywhere  througlioiit  the  rugged  land^  thus  pro- 
luced  the  edges  of  horizontal  lava  sheets  are  to  l»e  seen.  In  (bk 
jlftcef  in  the  I'nited  States  can  better  lihistrations  tie  found  of  the 
ran»foruiation.  by  ytreani  erosion,  of  ii  level  plat<wt  underlain  hya 
;reat  thioknest*  of  horizontally  bedded  rocks  into  a  itigion  of  cxcm- 
ively  rugged  tojKigniphy.  Near  tlie  junction  of  Joseph  (!reek  with 
Grande  Rgude  liiver,  and  between  the  same  creek  and  the  eanyoa  of 
Snake  River,  the  topography -is  tt!^  rugged  a»  it  can  be  made  with  tiK 
iresfiit  luuniiiit  <-f  uplift.  Jliiiiv  of  llu-  rUh^r-  -av  ~Unv]<  luui  al'njL' 
heir  rn'^t.-  mr  i.rnkrn  lulu  pimia.-l.-s  lliinu^li  llir  :uU,>u  ..i  ht-m 
iil-i  and  crcek>.  niiii.  frost,  and  wind.  The  cnntinimtion  of  the  denu- 
latioii,  which  lias  licen  long  in  progress,  will  t4>nd  to  decrease  ihe 
leight  of  the  luultitiide  of  ridges  and  peaks  and  to  lessen  the  ruggeii- 
itss  of  the  relief.  In  -•■hort.  the  topography  is  mature  and  will  sIowIt 
Dse  its  salient  features  and  flatten  out  so  as  to  resemble  it.-<  origiimi 
aonotonouH  character,  unless  renewed  uplift  occurs  so  iis  to  allow  the 
treauis  to  lut  more  mpidly.  ,\scending  the  ridges  l)etween  the 
arious  streams  and  traversing  them  toward  the  sources  of  the  bor- 
ering  canyoiif,  they  become  bi-oader  and  are  easily  recognized  as  por- 
louf  of  a  vast,  nearly  level  plateau.  These  broad  surfaces  are  covered 
rith  a  deep  residual  soil,  as  is  common  in  all  such  instanccj*  in  the  Ncz 
*ei-ce  region,  and  there  probably  has  l)een  some  lowenng  of  the  gen- 
ral  level,  owing  to  rock  decay  and  solution,  but  the  amount  is  uut 
:nown.  In  this  connection,  however,  it  should  bf  remembered  that 
he  lava  in  changiiig  to  soil  not  only  loses  bulk,  on  account  of  the 
emoval  of  the  more  soluble  material,  but  may  also  gain  in  volume  by 
eason  of  the  change  that  takes  place  from  a  den.se  to  a  somewhat  ojien 
'xttiiv.  Htid  also  from  the  swcWing  *>t  k;ei:\»i\\\  n\\TiexB,l»  because  of  a 
'in-Tf  ton  Jn-(h'i.[i.scoiuiiluMi. 


■J 
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One  of  the  most  instructive  features  in  connection  with  the  canvon 
of  Grande  Uonde  River  is  the  fact  that  the  river  cuts  across  the  south- 
em  slope  of  the  Blue  Hills  uplift,  and  there  the  hiva  sheets  in  each  of 
itii  canyon  walls  dip  southward.     The  explanation  of  this  is  that  the 
river  had  its  right  of  way  established  before  the  dome  from  wliich  the 
present  rugged  relief  of  the  Blue  Hills  has  been  i)roduced  by  erosion  was 
upraised.    That  is,  as  previously  stated,  the  river  is  to  ))e  classed  as  an 
antecedent  stream.     The  southward  dip  of  the  hiva  sli(*ets  in  which  the 
river  in  the  portion  of  its  course  indicated  on  PI.  II  has  sunken  its 
channel  in  an  east- west  direc5tion  has  had  a  marked  inHuenre  on  the 
details  of  its  bordering  walls.     On  the  north  side  of  the  oinyon,  where 
the  lava  sheets  are  inclined  downward  toward  the  river,  there  have  been 
innumerable  landslides;  while  on  the  south  sid(»,  when*  the*  dip,  although 
small,  is  away  from  the  river^  the  })luffs  in  many  places  approach  the 
vertical,  and  landslides  are  nire,  excej)t  near  the  top,  where  occurs  a 
bed  of  soft  sedimentary  material,  which  has  caused  a  terniee  to  appear.* 
Vnnyon-  of  Saluion  River, — At  its  mouth  Salmon  River  is  on  a  level 
with  Snake  River,  into  which  it  flows,  but  it  is  a  rapid  stream,  through- 
out at  least  the  lower  30  miles  of  its  course,  and  has  many  swift,  foam- 
ing rapids,  but  no  actual  catai'acts.     Where  the  two  rivers  unite  there 
iras,  previous  to  the  excavation  of  the  profound  canyons  through  which 
they  now  flow,  a)x)ut  2,000  feet  in  thickness  of  horizontjil  lava  sheets 
I'esting  on  quartzite  and  dense  igneous  roc»ks.     After  cutting  through 
he  lava  the  streams  found  much  more  resistant  rock  below,  and  their 
anvons  became  narrow.     The  cjinvon  of  Salmon  River  for  h  or  (>  miles 
iptstream  from  its  mouth  is  only  wide  enough  for  the  roaring  stream 
hat  rushes  through  it,  and  is  quite  imi)assable  to  man.     Above  this 
larrow  portion,  in  excessively  hard  rock,  the  c^myon  widens,  in  })asalt, 
.lid  for  about  20  miles,  or  to  the  mouth  of  Deer  Creek,  which  comes 
n  from  the  west,  there  is  a  narrow  strip  of  Hood  plain  on  its  western 
ide  and  a  series  of  terrace-like  })enches  on  the  salients  l^etween  the 
Atei'ul  streams;  but  the  ejust  wall  is  usually  ])recipitous  and  possesses 
emarkably  tine  scenery.     Beginning  about  T)  miles  from  its  mouth  and 
xtending  upstream  4  or  5  miles,  Salmon  River  makes  two  sharp  bends 
.nd  passes  a)x)ut  the  base  of  a  massive  pile  of  basaltic  rocks  2,500  feet 
ligh,  which  have  been  sculptured  into  castellated  forms  of  remarkable 
rrandeur.     Here  the  })asalt  forms  the  bed  of  tlu*  stream,  and  on  it*? 
muiediate  })anks  are  exposed  the  suuunits  of  columns  which  show  that 
he  larger  jmrt  of  a  thick  sheet  of  lava  still  remains  uncut.     From  this 
o<*ality  up  to  the  summit  of  the  renmantsof  the  original  plateau,  which 
iwur  on  all  sides  at  a  distance  of  fnmi  5  to  15  or  2U  miles,  one  tinds 
wily  the  edges  of  horizontal  lava  sheets.     The  portions  of  the  original 
>lateau  remaining  have  surface  elevations  of  more  than  5,00(»  feet. 
The  elevation  at  the  mouth  of  Salmon  River,   lU'cording  to  survej'S 

1  other  ttkcta  concemiug  Graiidi*  Hoiide  Rtver  hikI  its  braiichea  vrVW  \)e  lowTk!^  Vn.  «b  v^^a^^^'^^^^^^:^ 
r  the mutbor—WdterSupply  and  IrrigaUoii  Paper  U.  8.  Geol.  Sutvey  "So.  \  03Wl^,  V^.Vi/IS>x*»>» 
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made  bv  tbc  Oregon  Railway  and  Nuvi^tion  Company,  is  9*15  feets 
and  the  thiiknesM  of  the  lav-a  is  uot  less  than  4,00<t  feet  and  niaj  b& 
con-^iderablj'  greiitpr. 

Upwtreniii  fnim  the  mouth  of  Deer  Creek,  .Salmon  Uiver  jnuBte 
through  tivo  narrow  gorges  of  dense  i^eoiu  rocks,  which  projwt 
upward  int()  the  lava  sheets;  but  Ijetween  these  obstructions  the  uaiiToa 
widens,  and  has  liifou  oxiansted  wholly  in  hu-salt.  At  the  grc«t  bend 
of  the  river  near  Kentervitle,  the  rockn  beneath  the  lava  a^n  become 
prominent  in  the  t-anyon  walls,  forminfj  ftlxmt  half  of  their  hiright.  auii 
the  great  gulf,  about  3,5t)0  feet  deep,  is  nearly  as  iuipreiwive  as  the 
wildest  portiiin  nf  the  ciinyon  of  Snake  River.  The  same  niagnifimit 
secncry  continues  far  up  the  river  above  the  big  bend,  but  only  disUot 
views  of  it  have  Ix^en  hod  by  the  writer.'  Kach  of  the  eretJi*  iTifui- 
tary  to  Sabnon  River  below  the  big  bend  also  flows  in  a  deep  canvon 
of  iti«  own  making,  so  that  the  onee  widely  extended  plateau  lh  utyrty 
as  deeply  dissected  tiiul  rugged  w  the  similur  region  drained  by  Gnwde 
Ronde  River. 

The  renmiuits  of  the  elevated  platiaui  adjaeent  lo  thii  lower  ernir"' 
of  Salmon  River  are  elothed  with  coniferous  fovestw.  and  trees  grow 
here  and  there  on  the  aides  of  itj*  caiiyons;  in  a  few  instances  yclio" 
pines  occur  at  the  ri^-er's  inat^in.  The  canyon  walls,  even  where  prc- 
cipitou!*,  ai-e  covered  with  bunch  gi-asn  and  atToixl  tine  pasturagi-. 

PLTlmps  the  mo»t  instructive  physiu^mphic  f witurc  oi  the  river  b  ibv 
fact  that  for  a  distance  of  from  10  to  15  milen  above  the  big  bend  it  has 
cut  its  gi'eat  canyon  diagonally  aeross  a  sloping  i>Ialeau.  and  flows  w  n 
Kf>U-v]y  dim-tiim.  whib  llio  [<\:iU-au  -li-MTtoil  hv  h  -l,,p,.,  n,.|liiM  ,ipL 
in  .■ujifuriiiily  «illtUir  i^viaU-  iiirlinul  inn  uf  llir  kiM.  -h^'vl-  l"-ii.-,.l  i.  il 
When    fntlmvcd     n(H-thward    th>-    Uiv.i    .-beetN    HiUtcn    out    aiirt    jia." 
beneath  the  level  surface  of  the  CauisLs  Pnurie.     A  view  of  the  liivii 
sheety  in  the  canyon  is  shown  in  PI.  V.  /S.     The  river  crossew  the  sloii- 
iug  plateau  i[i  the  j.'n-at  sweeping;  furve.  )>iit  is  sunk  in  ii  canyon  alwin 
3.5on  feel  deep.     The  rchitioii  of  the  ruur>,r  of  thr  river  to  the  slopeiil 
the  plateau  it  crosses  is  shown  in  I'l.  IX,  /J,  iinil  details  of  the  canyon 
walls  in  PI.  X.    Kock  Creek,  wliieh  rises  on  Mount  Idaho  and  crosscSH 
portion  of  the  Cama.sPmirie.  join.-  Salmon  River  after  flowing  through 
a  deep,  rugged  gorge  cut  in   the  iiitraised  border  of  the  l>asin  of  thv 
Camas  Prairie;  that  is,  it  Hows  against  the  slope  of  the  country  and 
against  the  dip  of  the  rock  lieiieuth  it.    The  meaning  of  these  facts  is  the 
same  as  in  the  ease  of  Clearwater  and  Snake  nvei>.  which  have  excnvBted 
canyons  in  the  moiioilinal  fold  joining  the  I'niontown  Plateau  with 
the  Lewiston-Clarkotoii  plateaus,  and,  again,  in  the  rase  of  Gmnde 
Ronde  River,  whi.-h  .-nls  inrn  the  Rbic  Hiils  dome.     In  other  words. 
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ights  of  way  of  Salmon  River  and  Rock  Creek  were  established 
re  the  plateau  formed  bj-  the  last  sheet  of  Columbia  River  lava 
disturbed  from  its  originally  horizontal  position. 
myona  of  Cl^anoatev  River, — Clearwater  Rivor  is  formed  b}-  the 
n  of  many  sti*eams,  the  larger  of  which  have  their  sources  in  the 
?rroot  Mountains  and  flow  we^stward.  All  of  these  branches,  as 
as  the  main  river,  flow  in  canyons,  and  in  all  cases  where  a 
ini  passes  from  the  region  of  diorite,  schist,  etc.,  into  the  Colum- 
iiver  lava,  a  change  in  the  character  of  the  excavation  it  hiis  made 
once  manifest.  In  the  older  rocks  the  canvons  are  wide  at  the 
md  have  less  precipitous  walls  than  where  they  have  lieen  cut  in 
The  topography  in  th^  mountains  consists  of  a  labyrinth  of  sharp- 
:ed  ridges,  with  flaring  valleys  l>etween,  and  the  streams  in  the 
y  are  swift  and  without  flood  plains.  The  chamcter  of  the  coun- 
!s  indicated  to  some  extent  l)v  the  fact  that  the  trails  follow  the 
s  of  the  ridges  persistenth',  there  ])eing  no  room  for  them  adjacent 
e  streams.  On  entering  the  lava-covered  region  the  streams  are 
ded  l)y  more  precipitous  walls,  and  where  they  have  not  cut 
igh  the. lava  their  sides  frequently  approach  the  vertical,  from 
to  summit.  8ome  of  the  creeks  f  r<mi  the  moimtains  flow  for  a  mile 
ore  over  the  basalt,  as  surface  streams,  before  plunging  into  a  nar- 
[»nyon  at  its  head.  Between  the  canyons  cut  in  the  lava  there 
Toad,  nearly  flat  remnant^i  of  the  once  widely  extended  and  undis- 
d  plateau.  These  differences  may  be  briefly  simimarized  by  stat- 
bat  in  the  rocks  older  than  the  Columbia  River  lava  the  topograph}' 
.ture,  but  in  the  region  floored  by  the  lava  it  is  young, 
e  particular  feature  in  the  physiography  of  the  region  drained  by 
•water  River  which  is  of  greatest  interest  is  the  relation  of  the 
r  portion  of  the  trunk  stream  to  the  monoclinal  fold  which  unites 
Jniontown  Plateau  with  the  Lewiston-Clarkston  plateaus.  In  the 
on  of  its  course  referred  to  Clearwater  River  flows  directly  along 
tnoclinal  fold,  in  what  may  be  termed,  under  a  classification  of 
ys  once  proposed  l»v  J.  W.  Powell/  a  monoclinal  valle\';  that  is, 
ocks  in  each  wall  of  the  valley,  as  well  as  beneath  its  floor,  dip  in 
lirection,  namely,  southward. 

\  the  south  side  of  the  valley  the  rocks  are  inclined  upward,  from 
Kwition  they  occupy  beneath  the  Lewiston  Plateau,  at  an  angle  of 
ips  1  or  2  degrees  in  the  vicinity  of  Myrtle,  which  increases  west- 
to  the  great  escarpment  overlooking  Lewiston,  where  it  is  40  to 
'grees.  Throughout  this  distance  the  crest  line  of  the  north  wall 
e  valley  is  nearly  level,  although  rendered  irregular  by  the  pres 
of  gulches  with  salients  between;  but  the  south  wall,  which  at 
ast  is  alK)ut  on  a  level  with  its  companion  to  the  north,  gradually 
nes,  and  at  Lewiston  it  nearly  disappears.     The  south  wall  is  com- 

' Exploration  of  tho  i k)Iorttilr.»  Klvcr  of  the  WotI.    Y;eAh\li«Xoiv,  1*1^,  v. ^Sft. 
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^ed  of  luva  sheets  which  dip  soiithniird  hul  sooti  dutti^n  nnd  pairs 
jlBdcr  the  more  nearly  level  Lewiston  Plateau.  thiiB  forminjtr «"  p'p- 
Vated  rim  aloii(f  the  h\Hv  of  Clearwater  River  Valley.  This  jxx'uiiHf 
ifeature  of  a  lai-ge  river  apiMirently  exoivating  a  canyon  along  »  stecp/y 
l^loping  iiiountaiii  side.  iriHtend  of  descending  to  the  adjacent  valley, 
I<an  be  oxpkinud  only  on  the  hj-pothesis  fhul  thi*  coiirso  of  the  rivir 
-Was  establifihed  heforc  nioveuients  in  the  cartb'»j  cniHt  formwi  tii." 
Wonoclinal  fold  whioh  it  follows.  The  river  has  deepened  its  chaonc! 
fff  the  rocktt  beneath  it  were  bent. 

F  The  relation  of  Clearwater  River  to  the  fold  it  follows  suggests  ilul 
ffiefori!  thy  la\-a  shi^etN  were  flexed  the  river  had  cut  in  theui  a  trpm-h 
Wlf£ciently  deep  to  determine  a  line  of  weaknetsM  along  whieh  a  sharp 
'fold  was  pi-otluced  when  subsequent  movement  occurred.  The  grcaMr 
t  of  the  canyon  cutting,  however,  was  after  the  monoclinal  foldwu 
itiftted.' 

RELATION   OK  THE  STREAMS   TO  GEOLOGIC   STRUCTURE. 

In  the  l>rief  account  of  the  canyonH  of  the  Nez  Pen-e  region  wtin-b 
Ai^  just  lieen  given,  references  have  been  made  to  the  uiaunor  in  which 
^bp  larger  .^^tream^  cross  sloping  surfnceiS  diagonally,  as  in  the  vmse  o( 
'jDrande  Ronde  River,  which  cuts  into  the  southern  portion  of  the  fliui' 
|H>lls  dome,  and  Salmon  River,  which  .sweeps  in  h  griwt  curve  iolothc 
Upraised  border  of  the  Cujuas  Pruirie  but  leaves  that  topogrspUc 
l^Bsin  without  reaching  its  lower  portioa;  and  also  to  the  hot  tht'^ 
Sniike  Kiver  has  nit  throiip-h  the  Cniitr  Mnuritiiin  uplift,  and  a^iin.  a'  ' 
till'  d^|.^■^M■C^  nortlKTU  Imrd.T  of  thr  Lrwi,t.>ii-L1iU'k.-toii  iiluIt.uiN  mi 
which  its  valley  tu'oiidcns  and  is  only  iilioiit  :iilii  feet  deep,  it  enters  h 
canyon  2,00))  feet  deep  in  the  Uniontown  Plateau.  In  thi.s  i^ame  latt?' 
gory  is  to  Ije  placed  the  fact  that  Clearwater  River  initji  lower  course, 
and  Snake  Kiver  iietwecn  Lewiston  and  Alpowa,  flow  directly  along  u 
monoclinal  fold  in  monoclinal  valleys. 

The  impoiiant  group  of  oliser^ations  just  sunmiarized  shows  thai 
thetouisLs  of  the  -^ti  earns  n  fined  to  are  to  a  gi  eat  extent  iudc  pendeni 
of  thestiuitnn  of  the  rocksni  whiLh  the\  La\i  e\ca\atedtheir(anvoiit 
and  an  alio  etgualh  independi  nf  of  thi  laiger  featuies  m  the  suriftCf 
relief  smii  the  inclinatioii  f  the  \aiKiu-pUtt  ui--  whuhart  the  nia]UT 
phjsiographr<  il  uienls  ii<  p  n(U  with  the  dip  t  ihi  undeilniip 
lava  sheLt-,  In  01  di  1  to  nij.lv  thi'-  [Oiit  lii^ion  ( lean  1  an  1  )iioif  graphic 
letn-tnue  in  outlim  the  (hnpti  1  in  th*  hi-t(  i\  of  the  Ni/  Pert  e  region 
to  l>e  H  »d  ui  sulfate  gcolof\  and  di  una /l  *\*li  111 
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hen  the  last  sheet  of  Colum])ia  River  lava  was  poured  out  it  foniied 
urface  of  a  nearly  level  plateau  to  the  westward  of  the  Bitterroot 
ntains,  aeross  whieh  the  streams  from  the  eastward,  such  as  Snake, 
on,  and  Clearwater  rivers,  had  to  flow  in  order  to  deliver  their 
rstothe  oeean.  It  isprol)able  that  lakes  were  formed  on  the  lava 
au,  but  this  and  other  phases  of  the  historv  need  not  concern  us 
escnt.  The  rivers  in  time  excavated  canvons  wtich  were  deepest 
their  mouths  and  were  slowly  extended  upstream.  After  this 
:\vas  well  under  wav  in  the  innnediate  rejjfion  here  considered, 
imcnts  in  the  rocks  began,  which  continued  for  a  long  time,  and 
ips  have  not  yet  ceased.  These  movements  produced  a  deforma- 
3f  the  originally  level  surface,  of  th(»  nature  of  a  tilting  of  broad 
s  of  the  original  plateau.  These  blocks  experienced  differential 
ment  in  reference  to  one  another,  and  along  their  Ijorders  were  in 
in  instances  !)ent  into  monoclinal  folds,  and  where  the  flexures 
sharpest  breaks  occurred.  Th(»  differential  movements  of  the 
us  blocks  went  on  so  slowlv  in  most  instances  that  where  the 

ft. 

s  crossed  the  belts  of  flexure  they  were  able  to  deepen  or  upgraile 

channels  as  mpidly  as  the  surface  was  deformed.  AVhere  the 
ir  of  a  tilted  block  rose  athwart  the  course  of  a  river  a  can  von  was 
:ross  it,  lus  in  the  case  of  Snake  River  where  it  crosses  the  Cmig 
itain  uplift.     In  some  cases,  however,  the  deformation  went  on 

mpidly  than  the  river  could  deepen  or  ui)gnide  its  channel,  and 
tream  was  turned  aside.  An  illustnition  of  this  is  furnished  bv 
Je  Ronde  River,  which  was  turned  from  the  course*  it  has  in  its 
eam  poition  by  the  elevation  of  the  Blue  Hills  dome.  The  best 
pie  of  the  niising  of  a  wall  directly  athwart  the  course  of  a 
.  and  that,  too,  the  largest  river  of  the  region,  is  furnished  by  the 
water  escarpment,  which,  turned  Snake  Rivei-  aside  at  the  site 
jwiston.  This  (\s(;arpment,  which  it  will  be  remem})ei"ed  is  the 
ern  border  of  the  netirlv  level  Tniontown  Plateiuu  was  formed 
:ly  across  the  course  of  Snake  River,  and  the  maxinnun  dis[)lace- 

occurred  at  the  localitv  when*  th'.»  river  crossed  its  site.  For 
tion  of  the  way  between  Lewiston  and  AljKJwa  the  Clearwatt*r 
anient,  which  elsewhere  is  a  monoclinal  fold,  became  a  fault.  The 
:  here  occurred  '2  or  8  miles  west  of  Lewiston;  but  directlv  in  the 
eof  Snake  River  to  the  north  of  Lewiston  the  rocks  in  the  face  of 
icarpment  as  it  exists  to-day  dip  southward  at  angles  of  from  30 
degrees.  The  differential  movement  between  the  l)or(lers  of  the 
iitown  Plateau  and  the  Lewiston-Clarkston  plateaus  occurrinl  with 
lent  nipidity  to  deflect  the  river  and  cause  it  to  flow  westward 

the  break  produced  by  faulting  until  it  could  i)ass  al)out  the  end 
e  portion  of  the  belt  of  disturbance  where  the  movement  was 
est.  An  irregular  course  was  thus  established,  which  the  stream 
ble  to  maintain  as  the  tilting  and  depression  of  the  Lewiston- 
ston  plateaus  went  on.    It  is  possible  l\\at'&vvak^'K\N<£^^^a^^^^^ 
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jy  an  uprising  ut  the  Clcttrwater  pstiu-pment.  mihI  a  lobe  was  formed. 
Hint  such  was  the  «-H»*e,  howpver.  has  not  be«n  (-Icarly  proved,  although 
iBrtain  silt-Iilce  ilopoAitc  on  tlin  Clarkntou  Plateau  niay  have  )>een  laid 
iown  in  such  ii  water  Ixnly.  The  deposits  referred  to  have  notboes 
|irofiilly  ftxaniined. 

I  A»  the  defoi'ination  of  the  ori^iriiial  lava  plateau  progressed  and  the 
hrgfer  streiims  deepened  their  channels,  their  trihutnrieii.  situated  on 
©ek.i  liiat  were  but  nli^^htly  di»turl»ed,  or  strong  enough  to  maiiilaiii 
lleir  right*  of  way  where  the  niovemcntu  were  greatest,  also  deepfoud 
heir  channels,  owing  to  the  greater  velocity  given  them  hy  the  lovrer- 
jkg  of  th«  master  streams  into  whieli  they  discharged  and  likewi»ie 
Sieavated  canyons.  Most  of  the  smaller  Bti-eams,  however,  came  bto 
Xistence  after  the  deformation  of  the  sm'face  wa^  initiated,  and  were 
kiided  by  the  slopes  produced.  For  example,  all  of  the  streams  wUicii 
dow  from  the  Blue  Hills  to  Snake  River  have  courses  such  as  would 
iJ  determined  by  the  present  slope  of  the  surfiiee.  These  streams, 
pd  probably  alt  others  flowing  away  from  the  Blue  Hills,  came  intfl 
Xiftenee  aftei-  that  region  was  upraised  into  a  dome.  In  a  similar 
Kiy,  all  of  the  streams  In  the  central  portion  of  Nez  I'erce  County, 
tbich  enter  either  the  Snake,  the  Salmon,  or  Clearwater  River,  ttow 
brough  channels  such  as  would  he  dotermined  by  the  inelinationaof 
ke  present  surface  and  the  depth  of  the  master  streams  to  which  thej' 
W  tributary. 

The  jsti'eams  of  the  Nex  Perce  region  may  therefore  be  clafiaed  in 
wo  group?i.  in  i-eferencp  to  the  relation  they  bear  to  the  structure  of 

the  rocks  over  which  they  How:     (1)  Stream.-^  the  courses  of  whiob 

were  established  before  the  underlying  rocks  were  disturbed  fi'om  their 

original  horizontal  positions,  mid  which  niuy  be  classed   witii  what 

geographers  term  antecedent  streams,  of  which  Snake,  (irandc  lioiiHo. 

Salmon,  and   Clcnrwutcr  riv 

pies:  and  i'2)  slreams  which 

duced  l)V  deformation,  and 

fore  are  t^Tuicd  consequent  streams,  many  ex; 

named.  u>.  for  instance,  AsotiTi  Cre 

wai  Creek  and  its  principal  tribiitji 

Canyon,  and  othei'  creeks  which  dra 

hiva-covercd  country  and  are  eonsci| 

niation.     There  i^  still  another  and  : 

as  How  (U)wn  the  stei-p  canyon  wall',  whicli  aiv  .■onsei|ni-nl  on  slop- 

dne  to  erosion. 

STREAM   TERRACES. 

In  a  prcviou-i  report '  the  writer  lia>  directed  attention  to  thi'  wiiicly 
dislribiited  and  frci|uciitly  thick  gravel  despo-;ils  in  the  i-anyoii- of 
both  the  Cascade  and  the  Hocky  Jlomitain  I'ange-:  in  Washington  and 
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D,  which  were  formed  after  the  rivei*s  had  excavated  their  ohan- 
to  their  present  depth,  but  have  since  Iwen  roexc^avated,  so  that 
anv  instances  onlv  small  remnants  of  them  now  I'cniain.  Seveml 
iples  of  these  gravel  deposits  belonging  to  the  Pleistocene  division 
H)logic  history  occur  in  the  Nez  Perce  region, 
•mnants  of  former  flood  plains  of  Snake  and  Clearwater  rivers 
r  in  Lewiston  and  Clarkston,  and  may  there  be  studied  to  advan- 

In  Lewiston  se<?tions  of  heavy  stream-laid  gmvel  are  admi- 
'  exposed  in  the  bluff  which  sepirates  the  lower  ix)rtion  of  the  city, 
h  is  built  principally  on  the  present  flood  plain  of  Clearwater 
r,  from  an  okl  flood  plain,  at  an  elevation  of  150  feet  alwve  the 
WBter  stage  of  Snake  River,  on  which  the  newer  portion  of  the 
is  situated.  The  plateau  referred  to  is  an  abandoned  flo(xl  plain, 
;hows  that  the  rivei*s  now  flowing  past  its  Inise  at  some  former 
Ki  tilled  their  channels  from  side  to  side,  so  as  to  elevate  their 
at  least  150  feet  above  their  present  summer  levels.  The  plateau 
hich  the  new^er  portion  of  the  city  is  located  is  triangular  in  shape, 
le  or  more  broad,  and  on  its  margins  facing  Snake  and  Clear- 
r  rivers  instnietive  sections  can  be  seen  of  the  well-worn 
ders,  cobblestones,  gmvel,  and  sand  of  which  it  is  comjx)sed.  As 
e  case  of  many  flood  plains,  the  hust  material  deix)sited  is  a  tine 
or  silt.  On  the  southern  side  of  the  plateau,  where  it  joins  the 
ids  at  what  was  formerly  the  junction  of  Snake  and  t^lcarwater 
■8,  there  are  still  higher  gravel  deposits  of  the  same  chanicter, 
ing  that  the  most  conspicuous  termce  now  remaining  was  exca- 
l  in  a  higher  flood  plain,  the  upper  limit  of  which  is  indotinite. 
the  mouth  of  Tammany  Hollow,  nearly  opposite  Asotin,  there  is 
ll-detined  grav<»l  bar,  })uilt  by  Snake  Kiver,  which  crosses  the 
:h  of  the  lateml  canvon  and  at  one  time  fonnod  a  dam  which 
?d  the  waters  of  Tammany  Creek   to  exj)and  and  form  a  small 

This  bar  is,  l)v  aneroid  measurement,  ii85  feet  al)ove  the  sum- 
stage  of  Snake  River.  Since  Snake  River  cleared  out  the  greater 
of  its  former  gravel  deposits,  Tammany  Creek  has  cut  a  narrow 
nel  through  the  obstruction  at  the  mouth  of  its  canyon.  The  bar 
•red  to,  and  others  similar  to  it  along  the  course  of  Snake  River, 
•s  that  the  main  stream  was  at  one  time  overloaded  with  debris, 
rge  pjirt  of  which  was  deposited  in  its  channel,  while  its  small 
itaries  were  not  thus  loaded  and  could  not  till  in  their  vallovs  so 
I  elevate  their  bottoms  at  the  simie  nite  as  did  the  master  stream 
hich  thev  flowed.  The  result  was  that  the  w<Mik  lateral  streams 
'  ponded  and  (»xpanded  into  hikes.  In  a  simihir  way  lateral  can- 
which  were  perhaps  without  perennial  streams  were  flooded, 
g  to  the  expansion  of  the  main  stream  and  the  giiivel  carried  into 
I. 

le  broad,  sloping  gravel  plain  on  which  Clarkstou  stauds  isalmvlar 
e grnvcl platonii  in  lA^wisUm.  but  occupies  \\  \eftft  %\v^\\iet^  \^^- 
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tioii  in  refeniHi-e  to  Snak«  Kiver.  and  wafi  cut  HWay  to  a  ooiisidenN 
e>rt«nt  as  the  river  deepemil  its  fiiaiiiii-l  aflBf  tliti  ix-riod  of  ovcrtud 
\ng  hari  puMtied.  Ttir  gravpl  b(>n<>aUi  (^larkston  is  Hituated  on  tlip  mm 
or  convex  side  of  a  river  oiirvv,  and  wat-  left  with  a  sloping  Mirfai* 
the  rttveam  nii^-ated  pastward.  A  similar  sloping  mirfai*  i-oveis 
with  tine  silt  t-an  li«  »et'n  on  the  inner  cun'es  of  many  miimll  stpuun 
which  now  meander  through  nearly  level-floored  valleyrt, 

Another  remnant  of  the  once  extensive  alluvial  dejiosit^  along  Hnflh 
River  occui's  just  above  Aljxiwa,  forming  a  ttat-topped  terrace  IS 
feet  above  it^  present  smiiiner  stage.  Again,  in  the  canyon  of  iSalmo 
River,  alMut  5  miles  al>ovp  its  mouth,  there  are,  on  each  side  of 
canyon,  termces  composed  of  a  large  variety  of  well-worn  pebiila 
which  have  a  surface  elevation  of  280  feet  above  the  prenient  Icvfll 
the  rivers. 

The  extreme  upjier  limit  of  the  gravel  deposited  in  the  canrwn 
Snuke  River,  as  determined  by  anurold  meaMurement:^.  was  slativi 
a  previous  report'  to  be  3tJ()  feet  above  the  low-water  dtage  of  li 
river  as  itflows  at  present.     This  uietwure  is  i>erhapf  t«o  liberal. 
may  have  to  Im>  reduced.    The  principal  ditBeulty  in  determining 
exact  upper  limit  of  the  gravel  lies  in  the  fact  that  it  is  usually  int 
nite.  and  in  some  pla(.-««  is  difhcult  to  dLscriminatt:- from  the  jn^H 
derived  from  sedimentary  lieds  intcrstratitied  with  the  Columbiu  BifE 
Uva. 
w  •  The  remiiBnta  of  the  old  gmvel  ttood  plains  just  described,  tskoii 
cnnrifi-Hoii  with  siniiliir  facts  oh-^crvcd  over  ii  wide  extent  of  cintiiti 
in  Miiliu  aii.i  Wa^hiiLKlnri.  fiinn>li  ,'\,-.,r  vvu\vnvv  (liat  th.'   laa'.-i  .^i 
y  I  ins  of  the   Nez  Pern-  region.  al'tiT  In-ing  i-xravutcd  to  thoir  |>r«iil 
dejitli,  were  deeply  tilled  with  iri'itvei  and  siil»c(iui>iitly  were  rw\» 
viited.      During  the  lust  dawn-cullin^'  reiiHianI-  "f  thi'  fnniii' 
plains  were  left  in  shL-ltered  places,  as  on  tbi'   iiiriL-r  sidi's  uf  -harp 
benda  and  at  the  mouths  of  .sniiili  lateral  canyons.     The  cliiirii.i 
conditions  which  pci'uiilted  the  strori'r  rivers  to  excavate  canytn 
the  Columbia  River  lava  to  a  de|)tli  of  from  -2.i»'U  to  4.m»i  feet.  iW 
dcixisit  in  them  ^'riivd  to  a  depth  uf  al  lea-.!  'J-An  feet,  pn.lxil.lv  ■'^ 
feet,  and  subseipiently  reexciivate  them  and  renew  the  task  of  (ici'|ico- 
ing  the  chaiuii'ls  in  the  solid  lava.  .-.H-nis  to  Iiave  been  princi]i:illy  t^ 
overloading  of  the  .■streams  at  a  certain  period   in  their  liislorv.    t'* 
along  time  the>.wift  rivcis  i'i>inif  in  the  ni.nuitaiiis  were  al)Ic  t.M-;i«' 
their  loads  to  the  M>a  or  to  ihc  larger  river>  U>  which  tlicy  ^vcrc  lri» 
tary.  and  the  friction  of  the  dcliris  tliu,-  transported  deep<-iicil  tl»- 
clianncis.     Next  came   a   period  wheti    the    rivers   had    more  di'l" 
delivered  U-<  them  in  their  Iiigh-gradc.  and  cnnseijuciitly  <\vift.  up 
cour.-es  than  tiiey  conld  transp.ii't  through  their  long  ca]iyoii>.  ss 
some  of  it  was  dropjied.  thus  rai.-ing  the  -Irearn  lied  and  pcniiitc:= 
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f  the  water  to  flow  more  rapidly.     After  a  time  the  overloadin*^  ceiisod, 

■r  and  the  streams,  with  added  enerjjfy,  owinjif  to  the  hijrh(»r  jri'iulicMits 

^  pnjdueed  by  the  partial  tilling  of  their  ehainiels,   were  eiiji})led  to 

;  remove  the  debris  previously  deposited.     This  work  has  ^oih»  on  until 

;    nearly  all  of  the  gravel,  sand,  etc..  formerly  laid  aside  has  })e<Mi  carried 

f-   away,  and  the  rivers  in  plae^\s  are  down  to  their  beds  of  solid  rock; 

but  in  i^eneral,  as  can  1)C  seen  in  t-learwater  and  Snake  rivers  for  a 

distance  of  sevenil  mile.s  from  their  junction,  they  are  still  floored  with 

coarse  j^ravel.     During  high-water  stages  innnense  (juantities  of  this 

bottom  load  are  moved  downstn»anu  to  such  an  extent  in  the  case  of 

Cleiu'>vater  River  as  to  show  the  futility  of  attempting  to  deepen  that 

;    river  in  order  to  make  it  naviga})le. 

The  aiuses  which  led  to  the  overloading  of  the  rivers  flowing  from 
tho  mountains  of  Washington.  Idaho,  et<\,  during  a  c(»rtain  period  in 
'    their  history,  have  l>een  discussed  in  the  previous  rc])ort  referred  to, 
and  rdn  not  l)e  considered  at  length  h(»re.     It  will  sufliice  to  say  that 
the  main  rwison  seems  to  have  be<Mi  th<»  climatic  change  which  brought 
on  the  Glacial  epo<*h.     Precipitation  is  thought  to  have  increased  at 
that  time  beyond  what  it  was  before  or  has   been  siiuM^;  the  mean 
anniud  temperature  was  low<M-ed,  and  glaciers  (»xisted  in  the  moun- 
tains.   These  agencies  would  tend  to  incre^ise  tin*  loads  brought  by 
svift  tril>utaries  to  the  trunk  streams,  but  would  also  increase  the  vol- 
umes of   the  rivers  and  consequcMitly  their  velocities  and  power  to 
transpoil.     If  the  increase  in  load,  however,  was  in  a  great<M'  nitio 
than  the  increase  in  transporting  i)ower,  the  stream  }»eds  would  )m» 
upjfiiided;  and,  according  to  the  best  interpretation  of  the  facts  that 
can  now  be  made*,  this  seems  to  have  b<»en  the  cas<\ 
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Kock  masses  which  have  descended  as  landslides  form  so  important 

J     a  feature  of  the  canvon  walls  in  the  Nez  PiMve  n^gion  and  have  so 

J-     intnnate  a  c<mnection   with  the  sear<*h   for  lignite  (h^posits  and    the 

f     question  of  water  supi)ly,  that  their  nature  needs  to  be  well  understood. 

'         The  distinctions    betwetMi  landslides,   displac(*d   rock   masses,  i*ock 

*^'alanches,  mud  Hows,  snow  avalanches,  etc.,  have  lieen  ])oi!U4'(l  out  in 

pJ^vious  reiK)rts,*  and  se<Mningly  but  little  n<»eds  to  be  said  at  present 

''^  this  coimection,  except  what  appKu's  directly  to  the  n»gion  under 

t'orisideration. 

-V  lamLslide  is  understood  to  i)e  the  breaking  away  of  one  or  more 
iai'iyp,^  V)l()eks  of  rock,  or  of  a  quantity  of  loose  material,  from  a  sIojh*, 

If^     *f*.-fil«>jrii*iil  rrconiKiNsiuu"'"  in  «*<*ntral  Wjishinirtnn.  liy  I.  ('.  linxvrll:  Bull.  1'.  <.  <i«'.il.  Survi-y  N'r>, 

^:  r»!».  47- W.  l*N.  HI.  IV.  ami  V. 
fj-     **l»«»jmiiihir  /•■nturi's  iliu*  to  luniNHilvs.  Iiv  I.  <'.  Ilu-st'll:  Vo]\.  S«-i.  Momlilv.  Vol.  LMI.   Vim..  iy,»\ 

l^      ^■t'vlhiiliiiiry  inipf-T  on  tlie  K'""'''*?.^'  "^  l'^*^  CiiH«a«lr  Mlmllt(llu^  vu  u<\TU\vni  Wusluu^luu.,  Uv  LC 
*^-*iy.-  Twrvntwth  Aun.  KepL  U.  S,  Gool.  Survey,  I't.  11.  w.  VJtV-'iWO. 
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and  i t.a  quick  di'-wftntiiitii  ail  ndin^Mintdpiirpawion.  The  landolidps  in  the 
Nez  Perce  region,  so  fur  u»  noted,  arc  i-oiiliiiod  to  the  wall.-*  of  cnnvofv 
in  the  Columbia  Itiver  lavn.  The  most  favorable  conditions  for  thvit 
HKcnynwc  arc  whero  r-^nyons  have  hepn  cut  in  thiols  shei-tii  of  lavn. 
Wpeeiulty  whim;  tho  lava  is  travt'r?ii>d  Ity  vertical  joints  j«  iis  lo  l* 
columnar,  and  rc«b*  on  t)od»  of  clay.  Mind,  gnivcl,  voli'ttni<-  du4, 
hpilli,  etc.  '\'\if^p  (ronititions  are  fendcrcd  still  more  favoniljlr  nfanr 
B  serioM  of  lava  sheets  with  included  layers  of  soft  material  are  tncliaeii 
lowiinl  the  j^treiini  which  ha:*  excjivatcd  a  c«nyon  in  thcni.  I'uder 
«U(!h  circumstances,  blocks  of  lava  are  Ukcly  to  break  away  from  tb 
'CtifTi'  and  to  descend  the  slope  l>clow,  perhapM  even  reach  the  stream  aL 
fbn  base.  Whore  a  landslide  oomci  to  re^it.  it  i^  usually  found  that  llw 
surface  of  the  fallen  block  or  of  the  maas  of  loose  material  which  h» 
dcxcendcd  hux  a  slope  toward  the  clilT  from  which  it  fell.  Thi*  hnck- 
i*Fard  slope  is  frequently  so  pronounced  that  l>a«in8  are  formed,  whidi 
iVndcr  favoi-able  climatic  i*ondilioiiH  become  swamps  or  lakes,  lint  in 
dry  rejrions  are  more  frfiquently  grassy  hollows,  or  perhaps  are  over- 
.grown  witli  biiahes  and  treett  white  the  drier  slopes  adja<.'eMt  arc  Imuv, 
jSVom  recent  landulidoe  which  retjun  their  characteristic  fonus  uiiiui- 
jmired  there  are  in  many  regions,  as  ha*i  been  descril>ed  in  the  report* 
JEMt  cit<'d.  illustnitions  of  a  complete  series  of  gradations  to  areiw  whiii 
J»re  nearly  level  although  having  a  somewhat  undulating  topograplij 
produced  by  the  weathering  of  ancient  landslides.  Thus  then"  i* » 
pM'ies  of  changes  in  relief,  due  to  Uwdalides.  which  may  be  iiidudMi^ 
\inder  the  tenn  hnMiW^  f'ljvitjf" /'/>//.  Prefixes  denoting  age  mitrht  t* 
U.SC1I  in  .■uniu'.'tii.n  with  llii.-  U-rm.  In  Ituliciiti-  tiic  .■stent  in  which  ihe 
fallen  masse,-  hnvc  yielded  to  weiitheriiig  mid  evosiuii. 

In  the  Nez  Perce  region  lundslidciJ  have  occurred  on  the  sides  of  nil 
of  the  larger  and  many  of  thi'  smaller  canyons  excavated  in  the 
Columbia  River  lava,  in  places  fre([iicntly  a  score  or  more  of  mii'-a 
in  length,  and  on  caih  side  of  a  ^itieani  they  can  lie  counted  l>y  tilt 
hundreds  in  a  single  mile.  Only  a  few  of  the.ie  many  loi-nlitiej. 
however,  can  be  referred  to  in  Ihis  paper. 

On  the  north  side  of  (irande  Ronde  River  whei-o  it  cuts  inlo  tbe 
Blue  Hills  uplift,  the  conditions  are  unusually  favomble  for  Inndslidp', 
as  the  lava  sheets  are  inclined  downward  toward  the  river  and  hsi'f 
beds  of  sand,  clay,  lignite,  and  volcanic  dust  interbedded  with  thelii. 
Over  extensive  ai-cas,  measuring  in  fact  many  square  miles,  the 
canyon  wall  is  cneiimbercd  by  heajis  and  ridge-  of  material  which  ba? 
descended  from  above.  From  the  river's  bunk  to  tlie  rim  rock  which 
defines  the  border  of  the  canyon  at  the  top  of  the  Blue  Hills,  a  dis- 
tani-e  of  7  or  S  miles,  there  is,  except  on  the  salients,  a  sucressinn  of 
fallen  blocks,  sonic  of  them  at  least  a  half  mile  in  length,  which  h^- 
quontly  have  undrained  liasins  on  thcii'  gently  sloping  northern  side-. 
The  ct« nil ' (eristics  of  younjr  hindsU*\c  to\M)^fn\\ihy  are  there  well  dis- 
pliived.  nithoiigh  most  of  the  fi\Ucu  uv.\-ses.\v,\\\>  Wv\\\\\\\w\\  y^'***'^'- 
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tion  long  enough  to  \)e  covered  with  a  deei)  soil,  excx^pt  on  the 
*ipitous  southern  slojxis,  and  are  overgrown  with  niagniticont 
St  trees.  On  the  south  side  of  the  eanj^on  the  i)reripires  are  steep, 
la<H*s  nearlv  vertical  for  2,(M)0  feet  alcove  the  river,  and  landslides 
niro-  The  rejison  for  this  is  that  the  lava  sheets  dip  to  th(»  south- 
d,  or  awav  from  the  river,  and  the  tondencv  for  blocks  to  fall  is 
less  than  on  the  opposite  wall  of  the  canyon.  Near  the  summit  of 
southern  wall  there  is  a  l>ed  of  soft  material,  report(»d  to  <'<)ntain 
ite.  underlying  the  sunnnit  sh<'et  of  lava.  This  sheet  of  soft 
erial  has  caused  the  border  of  the  lava  laver  alK)vi»  it  to  recede 
•e  i"apidly  than  the  margins  of  the  layer  ben^Mith,  and  a  terrace  has 
ilted.  which  in  many  places  has  on  its  surface  landslides  and  con- 
iious  talus  slo[)es. 

1  the  walls  of  the  can  von  of  Snake  Rivi»r  tlie  lava  sheets  are  nearlv 
izontal,  so  far,  at  least,  as  a  slope  toward  or  from  the  rivt^r  is  con- 
led,  and  landslides  are  nire.  So  far  as  known  there  is  but  one  bed 
edinientarv  material  between  the  lava  she(»ts  that  have  In^en  cut  bv 
ke  River.  If  two  such  soft  IxhIs  are  prtNsent.  as  is  the  ca>e  on 
»tin  t'reek,  they  influence  the  toi)ogniphy  in  essentially  the  sanu* 
'  that  a  single  sheet  would,  and  for  that  n»ason  the  conditions  are 
avorable  for  the  development  of  chamcteristic  landslide  toi)ogi'aphy 
i  large  s<*alc.  As  previously  stated,  the  sheet  of  soft  material  is 
i  depth  of  2(M)  to  2:iO  f(»et,  and,  as  on  the  south  sidt^  of  (iiiinde 
ide  River,  has  given  origin  to  a  ternicc*,  which  may  b(»  traced  for 
Ltire  or  more  of  miles  alonj'  the  walls  of  the  canvoii  below  the 
nth  of  (irande  Ronde  River  and  into  manv  of  the  smalh'r  tribiitarv 
yons  and  gulches.  This  terract*  is  ahnost  cv<'rvwherc  deeply  cov- 
cl  with  fallen  <lebris.  and  frequently  exhibits  the  clianiclcristic 
tures  of  landslide*  topograi)hy.  A  tyi)ical  example  of  tlu*  conditions 
^  referred  to  can  be  seen  on  tin'  cjist  side  of  Snake  Kivei*  iM^tween 
vistonand  the  mouth  of  Tammany  Hollow,  where  the  di})of  tJje  lava 
ets  beneath  the  Lewiston  and  C'larkston  j)lateau>  brino>  ilh»  >oft 
*r  which  gives  rise  to  the  landslides  down  to  within  a  few  hundred 
:  of  the  level  of  the  river.  On  the  opposite  side  of  the  liviT  is 
illow  liock,  a  displaced  block  of  lava  of  unusually  large  sj/e  and 
isiveness,  the  surface  of  which  slopes  ste<»j)ly  downward  toward  the 
!  from  which  it  broke  awav. 

tsmdsl ides  are  abundant  throuirhout  the  course  of  C'learwaler  Kivei- 
its  principal  tributaries  where  tliey  havt'  cut  <'anyon>  in  (he  hiva, 
are  <'si)eciallv  numerous  in  tlu*  vicinitv  of  Kamiah,  where  thev 
>ress  their  |HM*uliar  features  on  the  s<'enery  of  the  blull's,  which  for 
jral  miles  face  the  river  on  each  side.  Tin*  lava  sheet >  an?  then* 
riy  horizontal,  but  at  a  depth  of  about  son  feet,  and  contain  an 
siiallv  thi.'k  laver  of  friable  sandstone  which  has  caused  almost 
iiin»mble  landslides.  The  exceptional  brevvdtUof  tl\vs  \jcvvtviv\^\t 
itwyon.  which  is  a  beautiful  vale -J  or  "i\  Au\\es'\N\v\v>,\NV\\i^v>vvA\v^'^ 
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.diversified,  tree-clotliod  Ijordfring  Itluffs  l.SOil  feet  high,  i*  due 
tbi!  wiilcniHi^of  tlm  onw  narrow  gorgohy  the  fHlling of  itswu. 
lii'ivgularitiew  wbicli  landslides glvo  to  llitf  i-j^iiirpiiieiite.  luid  thi>  hiMi 
leffivt  of  tlif  ir  slo^wtj  frimi  tlio  najiie  cause,  arc  illustrated  iii  PI.  IX.  .i,j 
A  view  of  th«  ea«turn  sidt?  of  Kaiiiiiiii  Vnk-  near  llie  village'  fiimi  wl 
itderivo!<  itj*  iiamp. 

In  tU(>  description  on  pagi*  311.  of  the  otit-urrenco  of  lignit*  iitid 
ftftiociatect  sedimentary  tteds  near  Orotiiio  and  along  the  oi-eek  of  th 

lilt!  iiHiIit',  mi^ntion  wan  made  uf  tlie  nuineiMtiK  disjiIaetHl  n^'k  um 
^.  tiiat  i-egion.  The  borders  of  tbe  ciinyon  of  Oi-otino  Crept 
toaly  owe  Ihc  minor  fwitnrcs  of  tlieir  toixjgraphy  to  lumblidi'», 
Jhe  chai-acter  of  the  entire  canyon  has  Ix'en  moditied  liy  them.    'I'b 

lui  OHtpr  canyon,  hordev.^i  by  vliff.*  and  sti-ep  tahw  flopt-s,  fmrij 

SiKt  feet  high.     At  the  iiase  of  these  ruggitl  walls,  in  whieli 

edgen  flf  horizontul  sheets  of  lava  apiH-flr,  tiieii^  if,  on  i^ch  side  i>f  ll» 

■nek.  an  irregular  t«rrace-like  lielt  a  mile  or  more  wide,  the  siirfx* 
)0f  which  hIiow^  the  ridges,  hilU,  and  baj^ins  ohatwttinstic  of  liindi-tid( 
'topography.  Thiw  broken  country  i*  from  -ilHl  to  500  feet  atHivi'  die 
am  which  flows  Ummgh  it  in  a  steep-sided  inner  canyon.  At  ale* 
lo«iUtie.f  the  laiidslidei*  Imvu  obr'tructi-d  tin'  river  and  i-uusi'd  it  l^'  fliw 
iwiftly  through  narrow  detilcti.  In  on*-  of  these  rapids.  a)>out  il  iiiilw 
irom  tht)  mouth  of  the  creek,  the  water  descends  93  feet  in  a  disum'i 
^f  abuut  fiOO  fit>t. 
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L'leiirwaEcr  Kivei'.  -.ppu^itc  tlic  moiilb  <.t  KIk 
■xliibits  till-  clmnicterL.-tir  fcntiire  that  ItniJ- 
esi-urpincnt,-.  uiid  the  .■au>e  of  the  nuuiemiu 
'  prc-i'iice  of  sand  and  lljriiitn  in  the  fiillcn 
maiisos.  It  is  stated  that  iit  this  bii-alily  some  nmvenifnt  in  the  dis- 
placed blocks  near  the  river  has  been  recognized  in  rci'ent  ycais. 

It  is  perhaps  nniiecessary  to  attempt  tu  give  additional  example- nf 
the  changes  produced  in  canyons  by  the  falling  of  their  walls,  for  tliev 
aiv  so  nuniennis  that  once  the  minting  of  tlic  ridges  and  basin- 
common  on  steep  slopes  is  snggc.ited  a  person  can  readily  interprPl  ' 
them  for  himself.  The  manner  in  wliich  tlic  facc-^of  clitfH  break  im ay 
and  the  displaced  masses  rlesci'nd  the  .-lo]>es  below  i>  illustrated  ins 
general  way  in  tig.  4.  At  "  the  tnUnri'  of  llu'  canvon  wail-  w  Ihtc  in'l 
modilied  by  landslides  is  indicated,  the  stnitification  being  horizontiil 
and  the  lava  sheets  separated  in  a  single  instame  by  a  sedimentary  l)od: 
at  b  It  ■•'ingle  block  has  fallen;  i\t  '■  ^ww  sWAiis  Wsv^  deseended;  and  at  d 
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1  attempt  has  l>eeu  made  to  indicate  roiitrhly  the  nature  of  the  i^n yon 
alls  where  many  slides  have  occurred  and  where  much  loose  material 
ncuml>ers  the  slope.  The  hist  fii^ure  (ff)  illustrates  in  a  nid(»  way  the 
ondition  of  the  prei'ipitous  sloj^e  throujrhout  the  jrreater  part  of  the 
iva-covered  portion  of  the  Nez  P(»rct»  rejrion.  The  most  noticeal>le 
eature  in  a  landslide  that  has  ccmu*  to  rest  is  tht*  slope  of  the  surface 
tf  the  fallen  mass  toward  the  clitl'  from  which  it  broke  awav.  This 
characteristic  backward  slope  is  pronounced  not  only  in  solid  blocks 
rhich  still  retain  their  stratification,  but  in  nuisscs  of  dis](Kli;rcd  fraj^r- 
ueuts.  and  it  jrives  orijriu  to  l)asins  which,  as  already  noted,  are 
'requently  transformed  into  lakes  and  swamps. 

The  Imck  slojw  in  the  landslides  in  the  Columbia  Riyer  lava  is  fre- 
liieiitly  from  3  to  5  degrees,  but  may  reach  :^o  or  moiv  degrees.  This 
peculiar  feature  seems  to  be  due  to  the  fact  tliat  the  friction  of  the 
i^liding  mass  causes  its  forward  i)ortion  at  the  Ikisc  to  })e  retarded  so 
iiat  it  is  overridden  by  the  material  in  its  n^ar.     Where  the  bas«»  of 

« 

:he  displaced  portion  is  of  soft  matc^'ial  it  is  pressed  outward  to  the 
front  of  the  descending  mass  and  is  sheared  and  overthrust  so  as  to 
become  thickened.  For  this  reason  the  thickness  of  the  soft  layers  in 
'he  fallen  masses  is  deceptive  and  might  lead  to  erroneous  conclusions 
regarding,  for  instance,  the  importance  of  a  lignite  bed. 

The  general  reason  that  landslides  are  more  frequent  and  usually 
>f  larger  size  on  Clearwater  River  and  its  main  tributarie.s  than  along 
)nake  River  is  that  the  soft  beds  to  which  the  landslides  are  largely 
hie  are  thicker  and  more  numerous  the  nearer  one  approaches  the 
nountains  from  which  the  streams  brought  debris  and  deposited  it  on 
he  Columbia  River  lava.  The  beds  of  water-laid  debris  are  of  the 
lature  of  wedges,  which  are  not  only  most  muncMous  but  thickest  and 
oarsest  at  the  margin  of  the  lava-covered  country  adjacent  to  uplands, 
nd  thin  out  and  become  finer  as  its  central  region  is  approached, 
i'hose  stream-laid  deposits  may  merge  with  lacustnil  sediments,  in 
r'hich  event  other  conditions  favoring  landslides  would  result.  In 
ddition  to  the  pivsenci*  of  beds  of  soft  materitil  between  the  lava 
heet^,  conditions  favoring  the  occurrence  of  landslides  are  produced, 
s  already  exj)lained,  where  the  sheets  have  been  tilted. 

So  <'onstant  is  the  relation  between  landslides  and  the  presence  of 
LHliiiientary  })e(is  or  sheets  of  volcanic  dust  and  lapilli  in  the  (-olum- 
ia  Kiver  lava,  particularly  where  the  sheets  are  horizontal,  that  the 
indslides  furnish  an  indication  of  the  extent  and  thickness  of  the  soft 
I  vers. 

LAKE  WAHA. 

The  only  water  body  in  the  Xez  Perce  region  worthy  to  be  termed  a 
iko  is  IS  miles,  in  a  direct  line,  southeast  of  Lewiston  and  at  the  base 
f  the  northeastward-facing  es<.'aii)ment  of  Craig  Mountain.  The  lake 
\  not  only  an  exceptional  feature  in  the  deep\y  «^cvi\\A>\x\^\\\\\vftL\iV«x^ 
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St  ofcui*.  but  it  w  (iurrouudptl  by  attractive  wt>neiy  and  is  c^Immiin^  in 
^iniiV  wttVN.     It  (Mviipit's  n  .■•tPop-:«ided  valley  ei-odpd  by  Wnhii  <'rwk, 
Ifrbich  hflM  been  obstructed  by  lmi(Ulid(?suii<I  low  an  urea,  iwdetorniiD«I| 
lliy  sUPVeyit  made  by  Mr.  E.  H.  Libby.  prtwident  and  geperal  niaiia^'srof'j 
^u  Lcvristun  Watt-r  mid  Power  Company,  of  iipproxiinutvl^'  iW  lu'n'tt, 
and  a  maximum  depth  of  !»0  fpet;  the  average  depth  ie  ab<jut  tHi  fi>cL  i 
tC  ha»  uo  Murfat'c  outlet,  but  \U  wut^ns  osnipt^  tlirough  tht>  ^n-ttt  iium» 
M  broken  stones  which  retain  it  and  comet*  to  the  surface  in  springs  J 
H  laifffi  voUmie.     The  miiin  lundslide  which  obstnictj*  the  n»llev  i-ame 
h-om  (he  precipitous  slope,  now  covered  with  forest,  to  the  soutfawist 
Cf  the  northern  boi-der  of  the  lake,  and  wtill  presoutw  the  rhann'tfriit- 
nea  of  what  nmy  be  termed  a  landslide  sou-.     At  the  Imse  of  this  elMf 
slope  thei-e  ifi  a  narrow,  eurving,  treneh-likc  depression,  t-onvex  to  ^ 
Burtll,  on  which  side  it  is  Iwrdered  by  the  back  slope  of  Ilic  mai^ttat 
\e\l.    This  trench  haw  nu  irregukr  l)ottoni;  and  altljough  it  inproliahjy 
Ut  no  point  luoxv  tbim  :iil  fi'^'t  above  the  lake's  sui-face.  and  is  openst- 
froth  ends,  it  never  was  (x-cupicd  as  a  channel  of  diwharge  for  the  Ink* 
IraterH,     The  surface  of  the  fallen  muss,  which  oi'cupies  perhupM  SUM 
^  acres,  is  irregular  and  hilly,  with  elevations  that  rise  fi-om  hni  lo 
JW'  feet  alKJve  the  lake's  suvffltie.     It  contains  several  ImHins,  two  <A 
which  are  occupied  by  jwnds  fed  l>y  springs  and  by  percolation.    Miit 
idle  Luke,  about  1  acre  in  ai'ea,  i«,  by  aneroid  measurement,  30  feet 
lower  thtfn  Luke  Walia;  the  lowe*"!  point  on  it.s  rim,  where  ft  wagoB 
R)Bd  now  tmversM  it,  is  iK)  feet  above  its  surface  and  aoo  feet 
thcsiirfiKTof  MudLuUi'.  «hirli<>i>u|.M-:in:i.Ii.,;iii,i-i.,,i„,     Tl. 

milUcM   l;ik.'  lla^ilM  .■--.tilUi.lr.hll-i-;!  .  .1    .' ;ir|v^.  am  i.  Ilk.-  i  f  -  .■.>ii,|  .linuii.  i, 

witlioiit  siirl'ticc  outlet. 

The  lava  sheet-  wliich  f.inii  tlu>  ~h>.'(i -Imi»>  nf  friii'r  M^niiitiiin  i»  tk 
vicinity  of  Walia  dip  iiorlli»:iT>i  :ii  a  .-li'i^pim^'li'.  and  |]a\<'  ai  Ira^-t  one 

l>ed  of  f,'rtivel  inter>triitiljcd  with  lli Thi>  pivs.'iu'.-  of  ii  \n-d  uf  vol- 

canie  dust  or  of  clay  cimrtriHl  wiih  ihiil  iiuitcrial.  althuuyh  n-rwlieiv 
exposed,  is  indicated  Ity  the  ciiliir  of  the  wiilci*  in  the  liii*t.n-!l  laki'.  A 
peculiarity  of  spriri^rs  thai  curuc  Inun  bed.-  uf  ^oh'unic  du-*!  i-  tliiil 
their  wntci-s  nre  niilky  or  npiilescciU  in  appeiii'tinci'.  due  to  ibe  exi-cs^- 
ively  small  pirtii-le.-.  of  volcanic  j.da»  hcl<l  in  su>iH-]i>iun.  The  w:Uor- 
of  I,ukc  Waha  have  this  appcuram-c.  and  pioUibly  arc  -upplii-d  in  jwrl 
by  >pniLjr>  isMiin^r  frui.i  dcpusit-of  ^■ulclinic  dust.  The  ,ii]. .,{  lla-  l:iu 
sheets  ii,  the  escarpment  ri^iiijr  to  the  >outli  aiul  -outliue,i  „f  ti,,.  hik,' 
is  toward  tlie  \allev  It  oceupic-.  "hich.  witli  llic  j)Tcsen,c  of  -..,liiiieiil- 
nv\-  beds,  and  prol.ablv  aUu  uf  -hccts  of  \  ..leanic  dii-t.  \^  favoiahle  t,. 
the  >K-eiLi'rence  of  landslide-.  'Hie  mdv  exceptional  fcallire  e.MJiieetCLl 
with  the  laiuUlide-  at  this  h.calitv  i.-  that  thcv  dc.-condcd  inln  :i  nai- 
row  valley,  -o  a-  K.  completely  dam  it.  The  wat.^rs  n.-c  alx.xc  ik 
dam.  i>iit  a-  it  i-  ecnipu-ed  niaitdy  if  not  entirely  of  n.ek  fra'_'inenl<. 
.■ni   r.-r;(/.e    /.v  peiToialinii  wa-  e,Ui\>V\-\u-A  \u.^,av>- u  -urfaee  .,utlct  w;i^ 
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reached.  On  awount  of  tho  failure  of  tin*  water  to  overflow,  it  could 
not  cut  down  a  channel  so  as  to  drain  the  hike,  as  has  occurred  in  other 
similar  instances.  Tho  lake  has  thus  ]>een  preserved,  and  is  a  ly|)ical 
91ii!«tration  of  a  class  of  water  bodies  h(»M  ])y  landslides.  The  lar<»;er 
lake  differs  from  the  smaller  ones  near  it  in  that  it  is  retained  ])v  a 
hndsilidc  which  descended  into  a  pn^viously  eroded  valley,  while  the 
smaller  lakes  arc  of  the  same  type  as  hundreds  of  hikel<»ts,  swamps, 
and  waterless  depressions  on  the  surface  of  fallen  rock  masses,  which 
mav  be  termed  true  landslide  luisins. 

The  largest  sprinj^  fed  ])y  Lake  Waha  discharges  a])out  ir>  cubic  feet 
of  water  p<»r  second,  which  is  now  conducted  into  a  ditch  and  used  for 
irrigation.     A  fall  of  several  hundred  feet  could  be  made  available  for 
this  water,  and  it  might  then  be  used  for  iK)wer;  in  fact,  a  small  mill 
Was  formerly  turned  by  it.     This  and  other  })lans  for  utilizing  the 
water — among  them,  the  supplying  of  Ijewiston  -have  ])een  consid- 
ered by  engineers.     The  main  difficulties  develoiM'd  by  the  investiga- 
tions are  the  loose  condition  of  the  natural  dam  and  th(»  precipitous 
character  of  the  bordei*s  of  the  lake,  w^hich  njnder  it  impracticabh*  to 
greatly  increase  its  size. 

TOPOGRAPHY  OF  THE  LEVEL  PLATEAUS. 

There  are  certain  features  in  the  relief  of  the  W.vA  plateaus  under- 
lain by  the  Columbia  River  lava,  such,  for  examph*,  as  the  ITniontown 
Plateau  and  the  country  in  the  vicinity  of  Pullman,  (lartield,  and  else- 
where in  Washington,  which  merit  attention.  The  ])lateaus  referred 
to,  it  will  l>e  remembered,  are  covered  with  a  sh(»et  of  rt^sidual  soil, 
usually  from  50  to  100  or  more  feet  thick,  and  are  not  smooth  plains, 
but  nearlv  everv where  exhibit  well-marked  variations  in  relii'f.  In 
traveling  over  them  one  (^'osses  a  seemingly  endless  succession  of  hills 
and  valleys  which  have  ditTerential  elevations  of,  in  general,  from  50  to 
lf>Oor  2<K)  feet.  The  topogniphy  is  undulating,  the  hills  forming  con- 
vex elevations  with  steep  sides,  and  the  valleys  forming  concave  basins. 
A  marked  feature  is  the  absence  or  (»xtreme  raritv  of  })asins  without 
outlets,  such  as  sinkholes.  It  is  evident  from  the  irradicnts  of  the 
valleys,  notwithstjinding  they  are  gentle,  that  if  rain  water  could  be 
held  at  the  surface  of  the  soil  a  complete  system  of  stn^ams  would  b(» 
formed  and  lakes  would  >>e  rare  or  c^itirelv  absent.  T\uy  vallevs,  how- 
ever,  in  cross  section  have  rounded  lM)ttoms,  and  in  most  instances  arc 
without  stream  chaimels.  The  convex  sloixv^  of  the  hills  nuTge  })y 
insensible  gradations  into  the  concave  curvcvs  of  the  troughs  })etween 
them.  The  hills  and  vales  alike  are  composed  of  tine,  ricli  soil,  and 
no  rock  fnigments  attract  attention,  (*xcept  in  rare  instanc<*s,  where 
the  hills  are  umisualh'  precipitous. 

The  chanicter  of  the  relief,  however,  may  |M»rhaps  be  indicated  more 
clearly  by  saying  that  it  is  such  as  stream  erosion  gives  to  regions  coui- 

iRR  5H — />! ft 


UEMLOttY,  KTI'.,  (IF  NEZ  PERCE  CO..  IDAHO. PART  I. 


poHed  of  soft  ruokH  wbcre  weathering  is  rapid,  but  it  ba^  lost  all 
the  small  featurps  due  to  the  woric  of  creeks,  brooki*,  and  rills.  H 
stream  courses  have  lony  i>eeii  abandoned,  and  the  niovemeut  of 
»wil  on  the  bordering  mIoik-j*.  the  lie«tiiig  of  rain,  the  iiiBuences  of  fr 
vegetation,  etc.,  havi^  Hubdued  aud  to  u  great  extent  obUtj?nit*>d 
minor  Ineigiialities  due  to  stream  eroi^ion.  It  h  evident  from  the  iiatui 
of  the  larger  eleniPiits  in  the  toiwgraphy.  especially  from  the  gradient 
of  tht^  whallow  valleyw,  which  are  nuch  as  would  furniiih  foiaplett'  dniiD- 
age.  in  canv  wat4>r  could  In?  h»ld  at  the  surfai-e,  tJiat  Mtrcaiiin  at  one  time 
meandered  over  these  nearly  level  plateaus.  The  valleys.  Iiowt'ver. 
have  long  Imeii  almndoned  a^  avniuiefi  of  drainage,  and  may  be  miilB 
be  slowly  crumbling  to  min.  One  reason  for  this  changi\  hut  pfrhs[R 
not  the  moHt  important,  soems  to  be  that  rock  disintegration  and  di.'cij' 
have  iHseri  in  ^.vtri^HM  of  transportation,  and  tiuoh  a  depth  of  porou^i  soil 
and  Huhsoil  han  lH>en  produced  that  the  rain  water  la  entirely  aliMfbed 
by  i>orcolatian  and  evaporation,  thus  robbing  it  of  the  power  to  cor- 
radc.  With  the  increase  in  depth  of  residual  material  there  very  likrir 
was  a  decrt>a>ip  in  rainfall  which  hastened  the  disappcanince  of  surfx* 
i*trenmK. 

As  already  stated,  the  sedimentary  layerw  and  bed-s  of  volcanic  Just 
between  the  sheets  of  Columbia  Kiver  lava  in  numerous  instancpM  con- 
tain abundant  Impressionii  of  the  lejvves  of  Tertiary  piantjs,  and  it 
sc^ms  safe  to  aHSumo  that  the  last  and  highest  lava  riheet  vm^  pourrd 
■K»at  before  the  close  of  tJiat  period.  Tbi«  being  no,  the  hiva  plateue 
"'bave  liecn  exiKwed  to  the  atmcwphere  throughout  "Pleistiicciic  nnJ 
Kf.'1-nl  tii.K-.  iiiui  Imvr  ,'x[n^ri.'mod  tlu- .-liiiiiilii;  rljiui-.-^  wl)irl,  ^'hm 
elianicter  to  the  (Ikciai  epoch.  In  luirmoiiy  wilh  tliit  (-o]iclii>iiiu  is 
the  fact  that  the  surfaces  of  the  |»lateaus  have  been  e.\ix»scd  to  tbL-  air 
throughout  the  immense  length  of  time  that  witnessed  the  e.xcavHiioii 
of  the  neighlwriiig  canyons.  There  is  »lmndant  evidence  to  show  tbt 
glaciers  did  not  reach  the  Nez  Perce  region  or  the  Palouse  rountrr, 
although  they  did  exist  during  the  Glacial  epoch  on  the  L'lUii.'ade 
Mountains  to  the  west  and  on  the  Rockv  MountJiin  ranges  to  the  cast. 
It  may  reasonably  he  assumed  that  the  atmiisphcric  changes  which 
gave  origin  U>  extensive  glaciers  on  the  moiiiituin.s  gave  to  the  inter- 
vening lowlands  a  cold  and  humid  climate.  Since  the  gliu'ier?  disap- 
peared or  have  been  git'ally  reduced  in  size,  the  climate  of  the  lava 
plateau.s  ha*  l)ecome  warmer  and  lc>-!  humid.  In  u  general  wiiy,  then. 
it  seems  safe  to  refer  the  erosion  of  the  lc\el  liiva  plateaus  which  gavt 
them  their  moderately  rough  surfaces  to  tin-  (ilm-ial  ejioch,  when  pn'- 
cipitation  was  great^'r  than  now.  The  (iccri'iisc  in  the  size  of  th( 
streams  and  the  disappearance  of  all  hut  llie  larger  ones  may  I h' cor- 
related with  the  cliiiiutic  changes  which  followed  thi'  (.Jhu'ial  epoch  ami 
which  still  continue.  With  the  deercuw  in  the  vohimc  of  the  stivanh 
ifM-k  (li-1'nv  continued,  and  tiu'  de\illi  uf  tine  soil  has  liccomc  so  great 
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that  all  of  the  i*ainfall,  although  now  amounting  to  probably  80  or  85 
inches  a  year  on  the  higher  plateaus,  is  absorbed,  and  niechaniml  ero- 
sion is  nil. 

SOLUTION  BASINS. 

Among  the  minor  physiogmphic  features  of  the  Xez  IVrci*  region 
should  be  noted  certain  shallow  depressions,  without  outlets,  in  the 
surfac-es  of  the  plateau  remnants  between  the  streams  whieh  have  dis- 
sected the  Columbia  River  lava.     In  some  inst^mees  these  depressions 
hold  water  during   the  rainy  season   and   l)ecom(».   transformed    into 
small  lakes;    but  in   summer  their   beds  are  dry,  and  j)erhaps    are 
coated  with  an  incrustation  of  alkaline  salts  or  are  travers<'(l  l)v  a  net- 
work  of  shrinkage  cracks.     Shallow  Intsins  of  this  <'hanict<u*  (K*cur  on 
the  level  plateau  about  4  miles  west  of  Waha,  and  can  Ix*  seen  to 
advantage  from  the  neighboring  hills.     In  similar  situations  on  the 
Clarkston  Plateau,  near  where  it  mei'ges  with  the  northeast  slope*  of  the 
Blue  Hills,  are  other  shallow  basins  a  few  rods  across,  the  bottoms  of 
^hich  are  grass  covered  and  do  not  retjiin  water  so  as  to  form  lakelets. 
In  one  of  these  basins  a  few  trees  are  growing,  but  the  surrounding 
plateau  is  a  prairie.     On  the  Camas  Pniirie  also,  to  the  southwest  of 
Denver,  several  small  sheets  of  water  can  be  stu^n  from  Cottonwood 
Butte  and  other  neighboring  elevations.     While  s(»veral  of  these  arc 
artificial  ponds,  there  is  at  least  one  natural  lake  in  a  depression  in  the 
generally  level  surface.     Other  shallow  basins  of  a   similar  nature, 
^hich  are  wet  and  swamp\'  during  the  winter  or  are  giuss  cov(»red  and 
pos^ibl}^  have  trees  growing  in  them,  will  be  recalled  by  those  who  are 
familar  with  the  region  referred  to. 

These  basins  are  of  the  nature  of  the  sinkhohss  or  shallow  depressions 
common  in  limestone  regions,  and  owe  their  existence  mainlv  to  the 
dissolution  of  the  rocks  through  the  agency  of  rain  water,  which  escjipes 
through  fissures  or  other  ojx^nings  in  their  floors.  After  a  depression 
has  l>ecn  produced  by  the  enlarging  of  a  fissure,  the  subterranean 
channels  mav  ])ecome  closed,  ])v  the  washini»"  into  them  of  the  >urface 
soil,  so  as  to  prevent  the  downward  escapi*  of  water,  in  whicli  cuse 
the  sinkhole  will  be  changi^d  to  a  lake.  In  humid  regions  such  lakes 
are  frequently  perennial,  lait  where  the  rainfall  is  small,  or  where 
there  is  an  alternation  of  wet  and  drv  s(»asons.  thev  are  likely  to  l)e 
ephemeral. 

It  should  he  remembered  that  the  solution  basins  referrc^d  to  occur 
on  fiat  ai'eas,  and  they  should  not  be  confounded  with  the  som<»what 
similar  and  much  more  conunon  basins  produced  by  landslides. 

TORRENT-BUILT  LEVEES. 

In  the  Nez  Perce  region,  as  in  many  countries  having  a  small 
mean  annual  rainfall,  there  are  oi'casional  torrential  rains,  locally 
termed  cloudbursts.     These  occur  at  long  'mtcYvvvVs,,  \w\fiL  \!ct^  Vsva^k  Sxv 
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l^oir  cxU^nt,  Frequently  they  leave  i-ecwrds  of  th«ir  occuricnoc  whidi  1 
Ijeodure  for  inany  yeai-s.  Among  the  most  eoiispiouous  changes  pro- 1 
'daced  l»y  tlio  riwh  of  w«tt'i'  down  steep  tlcolivitie.-*  which  had  prevvS 
^muly  Ikcuiiid  t^uvored  with  a  uheet  uf  residual  soil  aud  angular 
lifn^ni<>ntA,  are  alhirial  coiieA  and  parallel  ridges  formed  of  un^ 
4toDCS  left  on  tho  sides  of  the  ijpheuieral  torrents.  The  alluvial  conM 
ifrequently  havo  channoU  on  their  surfa(^s,  showing  that  tbc  water 
'Jowed  oTPr  them  in  streams  whieh  at  times  hifui-cated.  or  ahandonod  , 
llrell-fornied  cliannelrt  with  raised  bordera  and  built  new  ones.  The 
'ntottt  striking  pesulta,  however,  are  whejo  streams  originated  on  ■ 
^•liritles  of  HI  to  ir.  and  in  plaees  2i'  to  SO  degroi's  angle,  and  built  ' 
^parallel  embankments  of  angular  stones  from  a  few  inches  to  :i  or  8  ' 
i^et  in  height.  In  thcMp  in^taiioe^  the  swift  streams  were  overloflde'l 
'With  coarse  material,  which  was  deposited  partly  on  their  bottoms  htil 
principally  on  their  Iwirders.  forming  levees  which  tended  to  cimliue 
tho  water  to  nari-ow  channels.  A  typical  example  of  these  toritnl- 
built  levecd  was  obs^?r^■ed  on  the  sides  of  the  canyon  of  Captain  John 
Creek,  where  in  18i>7  there  occurred  a  local  storm  which  guve  birlhti 
'^.reams  that  continueii  less  than  an  hour,  on  slopes  of  2U  to  36  degrees 
Angle,  The  channels  of  these  stjreaiiis  are  still  clearly  deiined,  in  fact 
JBv  almost  an  fresh  na  when  the  waters  left  them.  Their  width  varies, 
4nit  in  general  they  are  fi'om  1  to  3  feet  across,  and  the  sharp-crested 
tidgcs  of  stones  piled  up  on  their  sides  are  from  3i  to  30  inches  high, 
'«it^  a  width  at  tha  base  but  little  greater  than  their  height.  The 
stones  in  the  ridges  are  anguhiv,  and  are  of  all  sizes  up  to  .5  iiu  li.'-  (in 
some  instiUK'cs  S  inciics)  in  (li:iini'tcr.  In  some  cases  ji  lotictit  lunki' 
through  oiic  of  its  cinlmiikincntsiuKi  sent  oti'  iidisti'il>ut;irv.  wliich  :il-o 
built  ;i  wrll-de lined  piiir  of  h-vec-  of  angular  sf.nes.  Thi'sc  parallel 
ridges  an-  of  the  same  general  chara<'Ier  as  the  levrcs  i.f  alluvial- 
depositing  rivers,  as.  for  exunii)lc.  the  .Mississippi  in  il>  lower  cimrsi'. 
but  are  sharp  crested  and  arc  foniu'd  of  angular  stom-s  with  laiyc 
spaces  l>etween  thcin.  The  tcniporaiy  torrents  were  evidently  ov,-r- 
loaded  with  dcbri,-.  except  In  their  swift  central  portion,-.  A-  -o-m  a- 
the  water  which  had  gathered  into  a  stream  bcgini  to  spiv;id.  it  lo-t 
velocity  as  well  as  depth;  the  stones  previously  swept  along  were 
dropped,  and  an  enilianknient  was  formed  which  tended  to  i'onlinc  the 
current  witiiin  narrow  limits  and  thus  enable  it  to  buildup  its  I'lnUaiik- 
ments.  The  small  levees  referred  to  oirur  on  slopes  where  piwiou-lv 
there  were  no  stream  ciiamu'ls.  In  the  natural  waterways  the  Hood- 
were  high  during  the  storm  referred  to.  Captaiii  John  Creek,  wiiieii 
in  summer  is  a  brook  across  which  one  can  step,  increased  in  a  few 
mimites  to  a  roaring  Hood  charged  with  the  branches  and  tnmk- 
of  trees  and  thick  witli  mud  from  S  to  H'  feet  dee]),  sweeping  aloiiL' 
large  bowlders  in  its  patli.  The  previously  formed  Hood  plain,  which 
iras  iiixJcr  cnJtivation  in  ut  least  one,  loeidily,  wa,-  largely  washed  away 
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1  new  deposits  of  coarse  gravel  were  laid  down.  Similar  floods 
re  occurred  in  neighboring  canyons,  as  ha.s  heop.  noted  in  the  case 
Asotin  Creek,  and  torrent-built  levees  like  those  dcscril)ed  can  be 
^n  on  some  of  the  steep  slopes  along  the  course  ot  Grande  Ronde 
ver. 

[n  Part  II  of  this  paper,  published  as  Wator-Supply  and  Irrigation 
per  No.  54,  wUl  be  found  discussions  of  the  water  supply  and  the 
>noniic  geology  of  the  Nez  Perce  region,  also  tables  of  elevations 
the  count}^  (Appendix  A),  and  notes  concerning  Portland  cement 
ppendix  R). 

For  index,  see  end  of  Part  II,  Water-Supply  Pai>»r  No.  54.] 

O 


DEFARTHKNT   OF   THE    INTERIOR 


WATER-SUPPLY 


RRIGATION    PAPEIiS 


UNITED  STATES  GEOLOGICAI-  SURVEY 


No.   54 


WASHINGTON 

OOVEBNIIKNT    PBINTIKO    OFFICE 
1901 


I- 


I 


1         1 

■   ' 

k- 

!!■   . 

i 

4 

»      ■ 

.1 

I 


! 
<       I 


•    I 
;  i! 


t  ; : 


I 


;i 


\;  (  ,    ?/>^  r   I 


UHITED   8TATE8  GEOLOGICAL   SUEVEY 

CHARLBS  D.  WALCOTT.  DIKECTOK 


)LOGY  AND  WATER  RESOURCES  OF 
NEZ  PERCE  COUNTY,  IDAHO 


P^RT   II 


By    ISRAEF.   OOOK    RUSSELL 


WASHINGTON 

OOTERKHENT    PRINTINQ    OFFICE 

1901 


I 


1 

I 

•i 

1 


I. 
>     r 


CONTENTS. 


^^atersupply 95 

Springs  -- - ■  96 

Horizontal  wells 98 

Ariesian  wells — 101 

G^eneral  principles 101 

Lewiston-Glarkston  Basin 104 

Wells  in  Tammany  Hollow 105 

Recommendations 109 

Camas-Eamiah  Basin  110 

Wells  at  Denver 113 

Suggestions  and  recommendations 115 

coDomic  geology 119 

Building  stone - 119 

Lignite 122 

Gkild.  silver,  and  copper 127 

tldiography  of  artesian  waters 130 

•ppendix  A:  Elevations  in  Nez  Perce  region 132 

Iipendix  B:  Notes  concerning  Portland  cement 133 

:i^ex  to  Papers  No.  53  and  No.  54 137 

91 


ILLUSTRATIONS. 


Page. 

^-  Dissected  lava  plateau,  showing  best  locations  for  horizontal  wells. .  10  J 

0-  Section  illostrating  the  chief  requisite  conditions  for  artesian  wells . .  102 
7.  Ideal  section  of  the  border  of  a  basin  deposit,  illustrating  possible 

artesian  conditions .     .  103 

B.  Ideal  section  of  the  border  of  tne  Columbia  River  lava  adjacent  to 

mountains. 104 

d.  Diagram  of  apparatus  illustrating  the  declivity  of  head  of  liquids 

flowing  from  a  reservoir .  .   112 

0.  Seed-bag  packing  around  casing  in  an  artesian  well 1 15 

1.  Section  of  well,  illustrating  a  negative  test  for  water  under  pres- 

sure          116 

2.  Section  of  well,  showing  a  partial  and  misleading  test  for  water 

underpressure. 117 

3.  Section  of  well,  illustrating  an  inverted  test  for  water  under  pres- 

sure    117 

4.  Section  showing  one  correct  and  two  erroneous  tests  for  water  under 

presBure 118 

98 


i 


)LOGY  AND  WATER  RESOURCES  OF  NEZ  PERCE 

COUNTY,  IDAHO. 

PART  II. 


Bj'  Israel  C.  Russell. 


WATER  8UPPL.Y. 

be  sources  of  water  supply  in  the  Nez  Pereo  region  are  streams, 
ngs,  wells,  and  cisterns.  Of  those  special  attention  can  l)e  given 
i  to  only  the  springs  and  the  drilled  wells,  for  it  is  from  these  that 
water  supply  must  l)o  supplementtnl.  There  are  splendid  rivers 
lear,  wholesome  water  flowing  through  this  country,  but  they  are 
leep  valleys  and  in  canyons  with  steep,  rugged  walls,  and  for  the 
St  part  are  practically  unavailable  for  economic  purposes,  on 
ount  of  the  expense  of  jiumping  or  of  constructing  aque<lucts 
ich  will  conduct  the  water  to  where  it  can  1k^  used.     Although 

ntilization  of  the  surface  waters  can  not  Ik*  considered  in  det>ail 
his  report,  a  brief  account  of  what  has  l)een  accomplished  in  that 
KJtion  will  l)e  serviceable  as  indicating  the  needs  of  an  incrt^ased 
er  supply.  In  this  region  wat^er  is  us(k1  for  navigation,  irrigation, 
n  supply,  power  purposes,  household  use,  and  the  watering  of 
^k. 

he  first  of  these,  navigation,  may  be  dismissc^d  for  the  present 
1  the  statement  that  Snake  River  is  the  onl}^  stream  that  is  navi- 
le  or  that  it  is  practicable  to  render  navigable,  on  a  commercial 
e,  for  steamboats. 

ortunately,  the  rainfall,  on  accx>unt  of  the  n^tentive  character  of 
soil,  is  sufficient  to  insure  good  crops  on  all  but  the  lowest  plateaus 
on  the  canyon  walls;  but  in  most  places  the  results  could  lx'>  made 

more  satisfactory  if  recourse  could  be  had  to  irrigation,  espe- 
ly  during  the  height  of  the  drj'^  season.     The  areas  where  irriga- 

is  now  practiced  are  small,  and  most  of  them  are  along  the 
lers  of  Snake  and  Clearwater  rivers.     By  far  the  most  important. 

successful  attempt  that  has  been  made  to  utilize  the  streams  is 
ditch  constructed  by  the  Lewiston  Water  and  Power  Company, 
eh  diverts  water  from  Asotin  Creek  about  6  miles  above  its  mouth 

at  an  approximate  elevation  of  GG5  feet  above  Snake  River  at 
tin,  and  conducts  it  14^  miles  to  Clarkstoii^  vvVv^t^  ^^\1  ol  \^>& 
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tstiibiited,  thi-iiiii;li  uuikT^ruiiiKl  maitir*  mid  UitprHls,  fur  town  pur- 
xieeB  and  irrigatioa.  The  upjwr  6^  miles  of  the  ayatero  in  a  flume  U 
■(*et  widf  and  3^  feM  deep,  with  a  Krade  of  ID.fiG  feot  Ifl  the  mile, 
rhiH  fluui<^  is  ou  the  steep  nortbeni  wait  of  Asotin  Canyon,  and  in 
^rried  acroHs  the  nuiueroui;  lattTal  gulches  on  treBtleK.  'I'hc  lowwr  S 
niles  of  the  Bystem  is  a  t^nal  H  feet  wide  at  the  Iwttoui  and  IH  fwt 
vide  at  the  top,  with  a  depth  of  5  feel  and  a  grai:le  of  2, 13  feet  to  the 
uile.     The  estimated  capacity  ia  127  cubic  feet  per  second. 

Lewi»ton  in  supplied  with  water  by  a  pumping  station  in  the  eastern 
iortion  of  the  city,  which  taiies  water  from  t-learwater  River,  Asolin 
JeriveH  ite  water  mipply  principally  from  a  gravity  system  snpplie'I 
jy  ditcheB  which  divert  water  from  Aaotin  Oreek,  but  aurfa**  WflUarp 
ilso  in  use  there,  Aaotin  t'reelt  also  supplies  power  foi'  an  elwlrip- 
ight  iilant,  from  which  oleclricity  for  illumination  is  diMtrlbuled  lo 
\Hotln,  Clarlcston,  and  Lewislon.  Flonring  mills  in  Anotiu  and  I.ew- 
ston  are  run  by  water  power.  Additional  sources  of  water  powiir 
vhich  are  not  yot  utilized  but  whieb  demand  careful  investigation. 
ire  to  l>o  found  on  Grande  Roude  River,  at  Waha,  and  along  Salinua 
Siver  and  Orofino  Creek,  For  household  purposes  in  villages  and  on 
'armn  recourae  i»  hud  in  most  iustiinces  to  ordinary  surface  veils, 
ind  in  favortnl  locHlitics  to  springs  and  streams.  The  surface  welts 
m  the  lava  plateaus  derive  their  wat«r  from  the  residual  soil  andsui)- 
ktil,  as  a  rule  at  a  depth  of  from  ;tO  to  50  feet,  bul  the  supply  is  fre- 
juently  small  and  not  of  good  quality,  on  account  of  mineral  nuit1«r 
n  BOlation.  Drilled  wells  have  been  put  down  in  a  few  ciises,iiQil 
lonie  of  them,  as  will  he  noted  later,  are  very  imeeeasfid. 

parliculiirly  on  tlic  platcfiiiH  where  grjiiu  i.s  mo  hirgely  gi-own,  of  w;tl<'i 
for  li.uiMfholil  use.  for  tlic  irrigation  i.f  gardens  and  orclmi-ds,  iiml  for 
watering  slock;  hInoIo  supply  villages,  in  oiilcr  that  tticsurfjuv  wpll> 
may  be  abjuidoned  and  sanitary  dniiuagi-  established.  And  it  is 
lioiM'<l  thill   till-  iniprovi'itii'Tit  of  ^pritigs  ulld  Ihe  sinking  of  nrlesiiin 

SPRINGS 

At  the  !n>ttom  and  on  the  -sides  of  the  canyons  (uid  ^ulclips  cM'a- 
vated  in  Ihe  Columbia  River  lava,  water  i.ssiips  as  springs  at  injiriy 
tooaUtie.s,  but  as  a  rule  soon  disappear!^,  owing  to  the  iiuantitics  of 
loose  material  mautltug  the  surface.  These  springM  iifl' supplied  by 
water  |M>rcolatiug  through  porous  beds  composed,  in  most  instances,  nf 
gravel,  sand,  or  volcanif  dost,  and,  less  commonly,  of  the  scoiiaceous 
l)ort.ions  <jf  the  lava  sheets  themselves.  The  source  of  the  water 
wheiv  Ihc  [wroiis  beds  niv  in  the  iip|>er  jmi-tion  of  the  Columbia 
Wn-f  }avii  and  whei-e  it  has  been  diB»ect«d  by  streams  to  the  depth 


1  SPRINGS.  97 

f  the  porous  beds  or  lower,  as  in  the  case  of  the  Clarkston,  Lewiston, 
amas,  and  Katniah  plateaus,  is  the  rain  falling  on  tho  broad  inter- 
ream  areas.  The  rain  water  is  absorbed  l)y  the  deep  porous  soil 
ad  subsoil,  which  usually  is  traversed  by  vertical  tulK»s,  its  explained 
I  Part  I,  and  finds  its  way  through  the  surface  shei^ts  of  lava,  for 
it*y  usually  are  more  or  less  decayed  and  broken  b}'  joints,  an<l  thus 
wlily  reaches  any  porous  beds  which  may  l)e  present  in  the  upper 
)rtion  of  the  lava  formation. 

In  some  CHses,  however,  e.  g.,  where  the  strata  dip  away  from  a 
myon  wall,  as  along  the  south  sldo  of  Clearwater  River  throughout 
le  lower  20  miles  of  its  course  and  on  the  south  side  of  Snake  River 
Jtween  Clarkston  and  Alpowa,  the  rain  water  falling  on  the  exix)sed 
IgeHof  the  porous  layers  in  the  canyon  walls,  or  reaching  them  by 
)wing  down  the  slopes  above,  follows  the  inclined  ImmIs  and  comes 
the  surface  in  the  next  canyon,  in  the  dire(»ti()n  of  the  slope,  which 
sufficiently  deep.  In  the  neighlH)rhooil  of  the  mountains  border- 
g  the  region  occupied  by  the  lava,  the  gravel  beds  l>etween  the 
pers  extend  up  the  valleys  to  the  uplands,  and  thert^  are  »l)undantly 
iter  charged.  Wherever  such  beds  have  l)een  cut  by  erosion, 
rings  appear.  The  conditions  favoring  the  origin  of  springs  are 
ereased  in  a  most  important  manner  by  the  fact  that  at  least  one 
dely  spread  bed  of  sand  and  gravel  in  the  upper  portion  of  th(^  lava 
mation  is  underlain  by  a  thick,  impervious  layer  of  clay.  This 
able  layer,  consisting  of  sand  and  gravel  above  and  clay  l)elow, 
already  described,  underlies  the  Uniontown  and  the  Lewiston- 
irkston  plateaus,  and  probably  extends  easlwanl  to  the*  border  of 
•  Columbia  River  lava.  The  deptli  of  tlie  surfa(ie  of  the  sand  and 
vel  varies  from  15()  to  350  feet.  The  most  definite*  sections  show- 
its  position  and  charact<»r  are  furnislied  bjMhe  well  on  Ira  Smairs 
ch  and  by  the  exposure  in  a  neighboring  gul(»h. 
ls  alremly  explaine<l,  tliis  soft  layer  has  influcMiccd  the  topography 
he  canyon  walls  over  a  wide  exttMit  of  (*ountry,  and  its  position  in 
ay  localities  is  indicated  approximati^ly  by  the  presence  of  a  ter- 
e  on  otherwise  precipitous  s1oik»s.  N(»ar  the  hc^ails  of  small  canyons, 
?re  the}'  first  reach  the  horizon  of  th(»  surfa(*e  of  the  clay  ben(*ath 
sand  and  gravel  memlxM*  of  tlui  sedinu^itary  deposit,  springs  fre- 
^ntlj'  are  pi*esent.  Th(»ir  occurrence*  at  these  localities  is  due  to 
fact  that  the  edge  of  the  porous  ImmI  is  th(M*e  most  often  exposed, 
ing  to  the  quantities  of  mon*  or  less  disintegrateil  rock  «»n<nimber- 
the  terrace,  and  especially  tho  thick  talus  piles  and  landslid«»s  on 
border  adjacent  to  the  cliffs  rising  above  it,  the  water  which  flows 
is  lost  to  view.  Then^  is  no  doubt  that  if  this  surface  debris 
Id  be  removed  an  abundant  outflow  of  water  would  be  obtained 
nany  places  where  now  there  is  no  sign  of  its  presence.  This  per- 
is seemingly  bold  statement  is  sustained  by  the  fact  that  in  pros- 
ting  for  lignite  on  S.  C.  McNeil's  ranch,  in  Grande  Konde  Canyon, 
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» tunnel  wjwtl  riven  iiianioRt  uDprumiBinK  localitj-w)  far  as  waterway 
cuncwnied — in  a  laiidHlide — antl  eucounterml  such  a  votamc  nf  wat^v 
tut  HoriuuHly  to  impede  mining  uperations. 

A  typi<ial  illustration  of  th*?  elaas  of  aprinfpi  referred  t«  is  f urnishefl 
at  the  head  of  a  timall  gnleh  ojitming  into  the  valley  of  t'learwatec- 
River  near  the  Small  raneh.  Here,  as  already  esplained,  eroHian 
lia'*  init  through  a  layer  of  sand,  about  00  feet  thick,  resting  on  clay_. 
Springt*  api>ear  ^t  the  surface  of  the  clay,  and  the  natural  ronditiona 
ha\'e  been  improvMl  by  the  removal  of  the  loose  roeks  which  ha/H. 
fallen  in  from  above,  and  the  placing  of  a  pipe  for  oondoetjug  th& 
water  awaj'.  The  strata  dip  southward,  or  away  fnjin  the  escarpment 
overlooking  Clearwater  River.  The  intake  of  the  layer  of  sand  i^ 
principally  on  the  north  face  of  the  escarpment,  and  ita  flow  throtigta. 
the  bed  in  southward,  down  the  slope.  As  will  be  more  fully  deseribecL 
further  on,  the  water  supply  in  this  instance  could  be  still  furtbor 
increased  by  excavating  a  tunnel,  or  "  horizontal  well,"  in  the  base  Of - 
the  Hand  luj'er,  in  a  direction  (eastward)  at  right  angles  to  its  dip. 

Other  examples  of  springs  similar  to  the  one  just  dewrribed  are  to  i 
be  seen  near  the  heads  of  Keveral  of  the  gulches  which  open  into  Asotin  ' 
Creek  within  a  radius  uf  lit  miles  of  Mie  t>«>wn  of  Aaotin.  In  the  region 
refern'd  to  there  are  woll-delined  terraces  about  120  and  360  feet  Ijelow 
the  general  level  of  the  adjacent  plateaus,  each  of  which  is  due  toa 
sedimentary  lied  interatratified  with  the  Imsalt.  In  descendhig  ttiP 
Hide  guleheH  leading  to  the  main  ci-eck,  springs  are  found  when  thaw 
terracea  are  reached,  tJieir  prenence  uanally  being  indicated  by  » 
house,  for  in  nearly  every  Inatanoe  they  have  led  to  the  location  til 
a  honiesti'iul. 

The  conilitions  on  A.sotin  C'lvck  are  re|K'ale<l  along  the  "breiik"(>f 
Snake  River  Ciiiiyon,  mor*-  i»jirti(-iilarly  on  its  west,  side  !)Olwt-i'ii 
Asotin  and  the  nioulh  of  (iriindi-  Konde  River,  whciv  a  tfrmee  is  pres- 
ent. Below  the  lirst  riiri  rock,  and  fip|ijirenlly  ibingcrously  near  tin' 
brink  of  the  gi-eat  precipices  below  them,  wvoral  liouses  arc  to  Iw 
«een  from  the  hills  near  Walia;  and  eiR>li  honse  luarkslhe  location  of 
a  spring. 

Other  illustrations  of  these  conditions  might  be  offered,  and  mam 
will  doubtless  suggest  thenisidves  to  persons  who  are  familiar  with  the 
nmrvelous  iidvani-es  that  have  Iwen  made  in  the  development  of  llie 
agricaltiinil  resources  of  the  Nez  I'cree  r-egion.  Hut  fuels  vmnv^b 
have  probably  been  offered  to  sustain  I  he  i-c-eomniendation  which 
follows,  in  n-fercnce  t<)  the  pracH<-jibility  of  gi-eatly  increasing  the 
water  supply  derived  from  the  iiervh)us  beds  cut  Ihrougli  by  the 
lai^er  canyons  and  many  of  their  tributary  gulches. 

HORIZONTAL   WELLS. 

The  pioneer  experiment  in  this  connection  should  l>e  in  the  direc- 
tioti  of  enlarging  an  existing  spring,  tiH,  fur  example,  the  one  at  the 
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I      head  of  a  small  gnlch  near  Ira  Smairs  ranch.     At  that  locality  a  tun- 
I      nel  should  be  excavated  at  the  base  of  the  sand,  its  bottom  being  at 
I      the  start  perhaps  2  feet  below  the  surface  of  the  underlying  clay, 
\      and  carried  eastward  at  least  200  or  300  feet.     The  longer  the  tunnel 
the  greater  will  be  the  quantity  of  water  obtained.     In  this  and  all 
similar  instances  the  proposed  tunnel  should  run  at  right  angles  to 
the  dip  of  the  beds,  or  as  nearly  in  that  direction  hh  is  practicable 
and  still  obtain  the  necessary  slope.     There  are  many  localities  nearly 
or  quite  as  favorable  as  the  one  citetl,  for  example,  along  the  upper 
portion  of  the  great  escarpment  Iwrdering  the  l^niontown  Plat^^au  on 
the  south,  and  particularly  near  the  heads  of  the  notches  cut  in  its 
riin,and  again  near  the  head  of  the  guh^hes  tributary  U)  Asotin  Creek. 
In  Tammany  Hollow  the  same  pon)us  layer  which  underlies  th<»  Union- 
town  and  Clarkston  plateaus  is  cut  through,  and  springs  appear  at  its 
base.    It  is  the  presence  of  these  soft  be<ls  which  has  given  the  hollow 
its  exceptional  width  upstream  from  the  place  where  the  underlying 
sheet  of  basalt  is  expose<l.     Tlie  beds  there  dip  gently  northwanl,  and 
tunnels  made  for  the  purpose  of  obtaining  water  should  be  located  on 
the  south  side  of  the  valley.     As  will  l)e  explained  moix*  fully  further 
On,  it  is  desirable  either  that  two  tunnels  be  constructed,  diverging 
from  each  other  at  a  high  angle,  or  that  a  main  tunnel  l>e  run  directly 
into  the  bluff  at  the  base  of  the  porous  layer  and  then  branched  like 
the  letter  Y,  but  at  a  wide  angle. 

The  principal  conditions  governing  the  selection  of  a  locality  for 
excavating  a  tunnel  or  horizontal  well,  in  case  the  strata  are  essen- 
tinlly  horizontal,  should  be  the  presence  of  a  broad  plateau  surface, 
which  will  serve  as  a  catichment  area  for  rain,  and  a  break  on  the 
border  of  such  an  area  where  the  underlying  iwrous  l)eds  are  cut 
through.  The  most  favorable  localities,  as  suggested  by  existing 
springs,  are  near  the  heads  of  small  gulches  excavated  in  the  bonlers 
of  broad  plateaus.  The  presence  of  a  soft  be<l,  as  already  (explained, 
i8  usually  indicated  by  a  terrace  in  the  canyon  walls,  but  may  also  be 
discovered  by  ol>serving  the  nature  of  the  surface  debris.  The  coaraer 
sedimentary  beds  usually  contain  well-worn  lobbies  of  various  kinds 
of  rock,  among  which  white  quartz  is  frequently  conspicuous.  Such 
pebbles  mingled  with  the  surface  debris  furnish  evidence  regarding 
the  position  of  the  layer  from  which  they  came,  similar  in  all  respects 
to  that  supplied  by  *'  float"  in  ordinary  i)rosi)ectiiig.  When  the  actual 
presence  of  a  ikh'ous  bed  has  been  determined,  it«  l)ase  must  be 
reached;  and  for  this  purpose  a  cut  will  usually  have  U)  Ix)  matle  in 
the  nearly  universal  sheet  of  debris  which  mantles  the  surface.  On 
a  8loi)e  where  the  presence  of  a  layer  of  gravel  is  revealed  in  the  sur- 
face material,  but  where  no  a<^tual  exposures  are  in  sight,  as  is  the 
nearly  universal  rule,  the  most  practical  methcnl  will  be  to  sink  pros- 
pecting pits  at  various  horizons  below  the  highest  level  at  which  the 
gravel  or  sand  '* float"  appears,  until  the  base  of  the  layer  i(&  disr 
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pov»T«].     The  liiifotioii  and  BliaraetiT  of  Mk-  iiroiMsMKl  luun^l  will 
ilt'pend  on  Mic  locnl  cniiillt.inuN. 

Ill  onlcr  lo  make  the  Ku^gi^titiona  juKt.  iiffpircl  moiv  Liuitnble,  lig.  & 
ha»  been  pri'pftiiil.  TlimKi^iini  f1llisimti;K  initst  of  Miu  (.■unclittonK  tba-t 
will  be  met  witli  in  tho  Noz  I'orwi  n'Rion.  It  r«prcweiil«  a  pluteau 
cnmposed  of  )K>ri2i)iit'Al  Ihvh  HliM'tUt  and  t^ooUiining  one  sedimentary 
Iwd  near  the  surfiwi.',  wliifli  hwt  hvua  deeply  tpenrlied  by  emHioiL- 
rhe  vii'w  is  auppMcd  to  Iw  from  om-  aitleof  n  d(M^p  canyon,  and  sham*  I 
the  stratn  espowd  in  thu  opiwBit*  wall  and  in  the  connecting  ni<)«  i 
canyon  and  gulchen.  The  moBt  favorable  localities  for  horizonul 
welbi  would  be  at  n,  h,  and  *-,  and  the  general  direction  they  shonki 
take  in  indicated  by  dotted  lineH.  In  eaeh  cane  two  tunueUi  are  nag- 
^ted,  the  olijert  being  tn  Inti-rcept  as  iniicliof  I  he  jiercolKtiiig  water 
Vi  praetii-able.     The  lenfrtli  of  ihr  i  uiuh-Is  «ill  h>>  coutrolled  by  lw*l 


foiidiliiiiis,  but  in  fjeiii'i-iil,  in  Ihf  rt't;iiin  iOiotit  LewiMori  Ihi'i  •■i\u  h- 
i.'xUmdcd  almost  irnlcfinili'ly,  the  nilio  lii'lwi'>'ii  rxpensi'  iirnl  wmhv 
siipjily  licini;  llm  H'lvi'miiin  fju-lor, 

Intheiliustnilioii  liori/miliil  H\ri,Ui  wn'  iiuli.v I.     'j'lii'  iih»r  t^iMH- 

iihlecondititmswonl(lb.-fiir-rii,slie<l.bu"cv<T,  «Ii.t.- lln^  >l  rahi  h,.|ii-:iih 
iv  broad  plati-iiu  ilip  towriid  a  cjirivori  wall  in  wliicli  tin'  t'lii  .-il-.'  .ii  ii 
poroiiH  layer  is  expoHed.  Kor  i-xample,  if  the  stniUi  sliowii  in  Ii;;.  'i 
'lippoil  toward  the  jioinl  of  vi.'w,  one  tann.-l  only  w-ottld  ii.-..d  to  l»- 
rnn  at  o,  while  jil  >■  the  I'harii'fs  of  oblainiiit:  water  would  not  h- 
worth  ronsideriiifj.  It  llic  stralii  slionhl  be  in--liiicd  <lownwaiil  fn.iii 
ripht  to  li-ft.  two  liinucls  al  ./  w.iiild  be  iidviNablc.  as  indirate.i.  l.iil 
only  one  ninniiifi  in  Ihi-  iliri'i-llon  of  ihc  line  of  the  Kul''h  would  lie 
reqniivd  at  /',  while  at  r  no  water  eould  Im-  obtained.  The  sketdi 
may  perhaim  to  (foiisidered  aw  iui\\c&l\ng  \\\i\v  ¥i\.tTO%*  would  occur  ttll 
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along  the  canyon  walls,  and  »n<*h,  to  some  extent,  would  no  doubt  1>e 
the  CAse  under  similar  conditiouH;  but  the  canyon  walls,  at  least  in 
the  Nez  Pert^e  region,  are  so  h(»avily  slieathed  witli  debris  that  only 
an  nnusnally  strong  spring  can  give  surfa<^e  indications  of  it^  pn^s- 
ence,  except  near  the  head  of  a  small  gulch.  More  than  this,  when  a 
pervious  bed  is  exposed  for  miles  in  the  wall  of  a  canyon  there  is 
«nch  freedom  for  the  water  it  contains  to  (»scape  by  seepage  that 
definite  springs  are  not  likely  to  occur.  Near  the  hea<ls  of  lat-eral 
canyons  and  gulches,  however,  the  conditions  aiv  diflFerent,  and  a  con- 
centration of  the  i)ercolating  watei's  is  favored.  The  writ<jr  rei)eats 
the  suggestion  that  the  most  favorable  localities  for  ex(*avating  hori- 
rontal  wells  are  near  the  heads  of  small  gulches  where  pervious  l>eds 
are  first  cut  through. 

Considerable  space  has  Ix^en  given  to  tlu»  (*onsidt*ration  of  the  con- 
ditions which  favor  success  in  searching  for  water  by  means  of  hori- 
zontal wells,  for  the  reiison  that  through  the  lava-covered  poi'tion  of 
theNez  Perce  region  and  a  still  greater  area  of  similar  character  in 
the  neighboring  portions  of  Washington  and  Oregon,  there  is  a  com- 
hination  of  circumstances — such,  for  example,  a.s  deep  iK)rous  soils  and 
subsoils  which  al)sor])  rain  water,  the  pi-ewuice  of  si»dimentary  IkmIs 
lietween  the  lava  sheets,  the  manner  in  which  the  surface  layere  of 
bva  are  weathered,  the  deep  canyons  with  small  lateral  branches  that 
abound,  etc. — which  justifies  the  making  of  trials  in  this  connection  at 
'ttimerons  localities. 

In  the  last  few  pages  attention  has  l>een  diivtyted  mainly  to  the  sheet 
Or  sheets  of  porous  beds  near  the  surface  of  the  Columbia  River  lava, 
^>eeause  these  are  favorably  situated  to  be  suppliinl  by  local  i)recipi- 
tation.  There  are  other  similar  IkkIs,  however,  at  varying  depths, 
^own  to  more  than  3,(KK)  feet,  as  has  i)reviously  been  explained,  and 
Vrhere  any  one  of  these  appeal's  in  a  ('anyon  wall  and  is  umlerlain  by 
Hn  impervious  bed  horizontal  wells  may  be  <»xpect-ed  to  yield  a  water 
Supplj'.  The  most  favorable  of  these  lo(*alit ies  aii»  where  the  pervious 
beds  first  appear  as  one  descends  a  canyon  which  has  l)een  cut  suffi- 
ciently deep  to  reacli  them. 

artesian  wells. 

(;enkkai^  principlks. 

An  art^'sian  well  is  understood  to  be  an  excavation  in  the  rocks, 
usually  a  hole  a  few  inches  in  diameter  made*  by  drilling,  through 
which  water  rises  to  the  surface  and  overflows.  No  definite  line  can 
be  drawn  between  wells  that  are  truly  artesian  and  many  others  in 
which  water  rises  by  hj'draulic  pi-essun?,  except  in  reference  to  a  sur- 
face flow. 

The  primary  condition  necessarj^  to  the  obtaining  of  flowing  water 
by  drilling  is  that  water  exists  under  sufficient  pressure  to  force  it  to 


1102       OKULIKJY,  ETC.,  OK  NKZ  PERCE  CO.,  IDAHO. PAHT  11.    ImJ ! 

the  surface  wlaeii  an  opening  w  made  for  ite  escape.  The  forcewbii: 
seods  the  water  to  the  snrfare  is,  in  most  instances,  the  prassurei 
water  at  higher  Uivels;  that  is,  hydraulic  pit-HHiire.'  This  is  illn 
tratod  hy  the  manner  in  which  many  towns  are  supplitid  witli  wsb 
from  sloragB  i-eBervoirs.  There  is  no  tlifferenfe  in  principle  twlwef 
an  artesian  well  and  the  flow  of  water  from  a  faueet  in  one's  kitehpi 
and  a  continuous  and  iionporfoi-nled  tube  llirongh  which  wut#r  w 
rise  is  as  esHentinI  in  the  case  of  an  arU'siitn  well  as  it  Ix  in  the  wjit 
mains  and  laterals  of  a  city. 

Experience  has  shown  that  the  most  usual  conditions  which  perm 
the  accumulation  of  water  in  rocks  so  as  to  be  under  prwwun?  are  t' 
presence  of  a  porous  bed,  such  as  gravel,  sand,  and  even  quite  coi 
pact  sandstone,  or  IkkIm  of  much  more  impervious  rock  traversed 
fissures  inclosed  l)etw6en  two  water-tight  or  impervious  Iieds  or  strai 
such  as  clay,  shale,  etc.,  and  the  series  thus  arranged  having  a  bju 
shaije  or  ritiing  in  all  directions  from  a  central  area.  An  ad' 
tionat  condition  requisite  to  maintaining  a  continuous  flow  is  that  I 
upraised  edge  of  the  porous  wat.cr-charged  layer  should  be  expos 
at  the  Murface  so  that  it  may  receive  additional  water.     These  con 
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tioiis  are  illustrated  in  fi-;.  li,  an  ideal  sect  ion  judical  iiig  the  nrnin 
ment  of  rwks  to  a  depth  of  a  Ihoiisund  fed  licTicalli  n  valley  l'ii  mi 
wide.  Other  secrious  acroi-s  Ihc  valley  in  any  dircciton  would  sh 
essentially  the  same  eondilioin,. 

Rain  falling  on  the  exposed  edge  of  liie  porous  lied  .-1  )>ercola1 
through  it  until  it  becomes  IJiomufrhly  water  <']iargcd.  Tlie  water 
any  point  in  tlie  binl  is  then  under  llie  pressure  of  the  waters  at  high 
levels,  and  if  a  Jioh-  be  driUe.l,  as  at  l>  or  E.  it  will  ri.se  and  ovcrfli 
at  the  surface.  If  a  tube  be  connected  witli  one  of  these  oi>euin 
and  carried  up  above  it,  tlic  water  would  rise  in  the  IuIk'  until 
stands  on  a  level  with  the  l<)west  notch  in  the  riui  of  the  wuter-chargi 
layer.  This  would  deteriuiue  Die  arliaid/i  hi'itil  for  the  basin,  i 
all  points  within  the  basin  wheie  tlie  .surface  is  below  the  level  of  tl 
artesian  head,  a  surface  flow  could  be  obtained  by  drilling  n  well  do» 
to  the  porous  layer. 

While  fig,  C>  will,  the  writer  thinks,  make  clear  tJie  primary  ct)nr 

the  rocks  tlipmselves,  owing  t.i  tlie  woighl  of  1 
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Uong  governing  the  flow  of  artesian  wells,  there  aw  <M'rtaiii  iiiiiM)rt^iiit 
noondary  conditions  which  need  to  beconHidered  in  individual  (*2iHos. 
One  of  these,  of  special  importance  to  well  drillerH  in  th<^  N<'z  Porco 
r^on,  is  that  the  rocks  above  a  porous  stratum  may  not  Ix*  impor- 
Tionsall  the  way  to  the  surface,  or  the  upixT  impervious  IkmI  may  Imu 
overlain  by  poroiia  material,  so  that  water  would  not  nse»  to  the  sur- 
face where  an  opening  is  made,  although  the  pn^ssure  Ix'  sufficrient, 
nnless  the  well  is  properly  cased  so  as  to  prevent  lat4^ral  flow.  Another 
consideration  to  be  borne  in  mind  is  that  the  rainfall  on  th<^  expostnl 
mirgin  of  the  porous  layer  should  be  sufficient  t-o  maintain  the  flow 
of  the  wells  opening  into  it. 

A  true  basin  shape  in  a  porous  layer  inelosed  Ix'tween  im|N'rvious 
beds  is  not  essential  to  an  artesian  flow,  however,  for  any  ]N)rous  InmI 
in  which  water  is  confined  which  is  so  situated  that  it  ean  Ix^  i-eehar^ed 
bom  the  snrfaoe  and  an  opening  be  made  where  the  surfa<'e  is  below 
the  intake  will  permit  of  a  surfa<*e  flow.  For  example,  in  the  filling 
of  ft  valley  there  may  be  an  alternation  of  clay  an<l  sand,  su(*1)  as  is 
indicated  in  fig.  7,  which  would  p<;miit  the  oY)taining  of  a  surface  How 
It  the  locality  marked  W. 


*f1l  7    TiImI  aeotlon  at  the  border  ot  a  baHin  cle]>o(iit,  iUn^ttrHtiiifc  imwmUiIc  nrtoHiun  rDnditions. 

IntheNez  Perce  region  the  conditions  illustrat^^l  by  lM»tli  figs.  <> 
•nd  7  have  to  be  wmsidereil.  As  has  already  1mm»ii  descrilxMl,  tlw* 
Columbia  River  lava  was  poured  out  in  successive  sheets,  and  in 
■everal  instances  between  adja<^ent  sheet>i  th(M*e  are  ImhIs  of  clay,  sand, 
gnvel,  volcanic  dust,  and  lapilli.  The  layeiv  of  clay  are  imp«Mvi(>us, 
Mis  also  the  solid  basalt,  unless  fractured  or  joint^nl,  whil«*  the  other 
beds  mentioned  are  pervious  and  in  a  <*ondi1ion  to  he<*omc  water 
charged.  If  the  series  of  strata  referred  to  should  lxM»ome  bent  into  a 
hisin  shape,  and  the  edges  of  the  porous  beds  be  expos<Ml  so  as  to 
Weeive  water,  it  is  evident  that  the  conditions  illustrated  in  tig.  (I 
•ould  be  produced  and  artesian  wells  Im»  possible.  Again,  from  th«» 
BBWUier  in  which  the  layera  of  sand,  gravel,  volcani<»  dust,  and  lai»illi 
hiterbedded  with  the  C-olumbia  River  lava  were  formtMl,  it  follows 
that  conditions  similar  to  those  illustrate*  1  in  fig.  7  may  be  present, 
®Ven  where  the  rocks  have  not  In^en  deformed  so  as  to  produce  basins. 
^or example,  taking  the  l)e<ls  of  sand  and  gravel,  wliieh  an^  the  most 
Promising,  we  know  that  the  material  forming  tluMu  wjis  e^irried  l>y 
'^'^eams  and  spread  over  the  Columbia  River  lava  at  various  times 
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rin^;  the  i>eriu"is  iiilervi-iiiiig  bflweeii  the  lava  AixmIn.  In  many 
inHtjiiii'tis  thfM?  bu(l»  Mre  of  tlit;  iiftturt-  of  alluvial  fans,  and  are  t.hic;ki>sl 
adJAi^eiit  t.o  the  inoimliaiiis  fruui  which  tht?  material  com  posing'  ihi^ni 
was  (iorivwl,  ami  Ihin  out  aD<i  iMtcttme  finer  at  a  distance  from  ihm 
Noiirue.  On  the  lava  plaius  which  were  overapread  in  thix  manner 
ther«<  wem  at  timui^  lakes  in  which  clay  wa^  deposited,  so  thai  no 
altevuation  of  porvioiiH  and  inipBrvinuij  hetla  may  lie  espcct^i).  Id 
thlH  coiini'ction  it  ia  important  to  reinomlxir  that  th<;  alluvial  depu«itB 
spread  out  lietwoen  the  lava  aheetjs  wtre  laid  down  mainly  at  tlie 
uioutliH  of  valleys  in  tho  adjacent  mountaina,  and  that  their  summit 
portions  I'xl^-nded  far  up  the  valleys.  Aa  sheet  after  sheet  iif  Uva 
was  poured  out,  eaeli  suooettaive  layer  uxUinded  farther  up  the  vallejs 
than  its  predoccsaor,  but.  probably  never  (covered  the  hi^hor  [mrtiinia 
of  the  alluvial  depoHit.a  previously  formenl.  Thus  the  layers  uf  siind 
and  j^ravel  between  the  sheets  of  lava  are  favorably  sitiial«il  tor 
Jiecouiin^  water  ('harge<l. 
I  The  I'ouditions  Just  desiTibed   nmy  jH^rlmps  1h'  made  i-learer  bviui 
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II  at  the  bonier  of  the  lavji  f'lrinn- 
lic  preexistinj;  nioniitaini«.  Tli'' 
nioiiiiliiiiis  iiLtJir  ba<!kt;niii]Ld  nr,-  inleiid<'d  lo  represent  flir  f;irsi<l<'«f 
tlir  lav;i-n.)iired  valley.  It  will  be  nolcd  lh;it  llii.^  si-Hion,  wliiHi  r.'l'- 
reseiils  I  h>'  ir.'IM-ni!  eoiidilinns  lliat  i.bljiin  jiIm.iiI  11k-  honier  nf  lli>> 
Cnbiinliia  Kivrr  lava,  i.-  iiiiii-li  likr  lln-  ow  fi.rmiiij:  li^^  7,  .■\<-i.|>i  lliiil 
la^a  tln«s  aiv  aiiiled.  I'miiT  tin-  (-.iiidit iojis  ilUihlrat.'d  it  is  .'vi- 
d.'Nl  that  a  ^vell  dvilli'd  tlirnii^'h  ihr  lava  shei-ls  nnlil  a  poruiis  wiU'T- 
rliar^-eii  ln-i!  In  rea.-lied  slioiiM  yield  a  surfa.-e  flnw.  provided  Ihr  moduli 

of  III.'  tti-ll  IH  below  111..  ex|j..t-e.i  porli..U  of  llie  p.Tvi.Jll.s  l;i.v<T,  aiiil  alw> 

provided    lliid  lliei'e   is; nl>rok<'ii  iinpervi.ius  Ix'd   UtVU   above  liU'l 

liel.iw  il,       \Vli;.l  li;is  Jiisl   been  Mated  in  ^'eriend  terms  illuslrHtes  in  u 
i)iialilalive  wa\  llif  arl  iial  (■iiii<|itii)Ti!-  in  the  Nez  Per(;e  reg'iou. 


Ill    lli<-   n-L'i.'ii  aboiil  Lcwisloii-ClarkstoiL,  as  already  e.xplained,  thP 
r"ck>  liHVi-  been  ib'pri'SHed  so  as  Iti  iovva  \i\v«  Lewistou  and  ClarksWn 
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plateaus.  The  northern  bonier  of  this  depressed  »rea  is  defined  by 
the  Clearwater  escarpment.  The  downwani  inclination  of  the  surface 
of  the  plateaus  and  of  the  lava  sheets,  et<^,  composing  them,  is  iiorth- 
wanl  at  a  low  angle,  probably  not  exce<Mling  '2  degreeti.  These  illa- 
tions are  indicated  in  fig.  1.  The  Lewiston  and  Clarkstoii  plateaus 
have  also  been  deformed  in  their  relations  to  ea(?h  other,  tht»  former 
having  been  upraised  along  it«  eastern  and  southeastern  margins, 
where  it  joins  Craig  Mountain,  and  the  latter  u])raised  along  it«  south- 
western margin,  where  it  passes  into  the  l^lue  Hills  uplift.  An  east- 
west  section  across  the  two  plateaus,  passing  through  any  point 
between  Clarkston  and  Asotin,  would  exhibit  tlie  essential  features 
shown  in  fig.  2. 

The  result>ant  of  the  throe  main  movenu^nts  which  liave  affected 
theJjewiston  and  Clarkston  plateaus  is  sucli  as  to  giv-e  the  lava  sheets 
and  their  contained  sedimenturv  beds  an  inclination  toward  the  sites 
of  the  towns  for  which  they  are  named.  An  irr(»gulnr  l>asin  has  thus 
been  formeil,  the  deepest  part-  of  which  is  near  the  ccnt^»r  of  its 
northern  and  8hari>ly  upturned  border;  that  is,  at  Lewiston -Clarkston. 

So  far  as  the  geologic  structure,  or  the  positions  which  the  strata 
occupy,  is  concerned,  it  is  evident  that  the  Lewiston-Clarkston  I^asin 
has  the  features  requisite  for  furnishing  artesian  water.  Regarding 
fhe  nec^ssar^'  succession  of  pervious  and  imi)ervious  beds,  however, 
^urpresent  information  is  lx)th  limited  and  indefinite.  Although  the 
*rata  are  well  exposed  in  c^iuyon  walls,  no  iM>rous  layers  within  an 
artesian  basin  cut  by  (*anyon8,  except  under  certain  spe(*ial  (^ondi- 
ions,  can  l)e  expected  to  retain  water  under  pressure.  To  learn 
^hat  stratH  are  present  Ixdow  the  bottoms  of  the  canyons  one  is 
onstrained  to  study  the  geology  of   the   surrounding   region   over 

wide  area;  but  such  examinations  as  it  has  been  practi(;able  to 
lake  in  this  connection  have  not  furnished  the  detailed  information 
esirwl. 

As  alrowly  stated,  porous  sedimentary  beds  highly  favorable  for  tlie 
issage  of  water  through  them  are  interstratilied  witli  the  Columbia 
iver  lava  in  Little  C'anyon,  in  the  canyon  of  Orofino  ('reek,  ami 
ong  the  South  Fork  of  (-learwater  iiiver  at  fnmi  750  to  Snu  feet, 
id  in  Salmon  River  Canyon  at  3,500  feet.  Inflow  the  surfa(!es  of  the 
jaeent  plateaus.  It  is  possible  that  one  or  more  of  thest^  beds 
eur  in  the  Lewiston-l'larkslon  Hasin,  but  positive^  evidenire  that 
ch  is  the  case  is  lacking.  Thert^  is  a  probability  also  tluit  other 
dimentary  l>eds  not  yet  rec'ognized  may  be  ])res<»nt. 
Ill  addition  to  the  evid(^nc(»  derived  from  natural  exposures,  we 
,ve,  in  one  successful  well,  what,  may  Ih.^  clainM»d  to  be  a  crucial  test 
the  artesian  couflitions. 

Wells  in  Tainmauu  HoUoir, — In  Tammany  Hollow,  alM)Ut  8  miles 
utheast  of  J^wiston  and,  ac(H)rding  to  aneroid  measurements  nmde 
'  Mr.  John  Adams,  500  feet  higher  than  Main  street  in  that  city,  or 


1 

GEOUKiir,  ET(\,  or  KEZ  PBBCK  OO. ,  IDAHO. PART  It.     |jm.li  1 

a)>otll  1,^01)  feet  Hbiivo  tliL>  ttea,'  mx  drilled  w<i1Ik  )i»vt?  bopn  pat  duirn, 
four  of  which  funiUh  flowiriK  water  and  are  true  arl^eiaii  wi'll*.  i 
The  reuordft  of  thoso  wwlls  are  miniewhat  iiidednite.  but  the  followinf 
dalH  (.■oiKtoniiiuf  them  tMHtm  to  be  authoiitiu. 

Oh  the  farm  l>elaii}(tu};  Ut  Charles  Dowd  four  drill  holeH  have  Iteea; 
ina*le.  The  first  of  thew  wtut  iic^uii  in  IH'M,  and  the  uthen*  between 
that,  ypiir  and  the  annimer  of  UKX).  Well  No.  I ,  at  Mr.  DowdV  house, 
has  a  liiamett-r  of  W  iiiehes,  and,  an  reported  by  Mr.  Dowd,  pHssu 
throufjh  thu  following  itialierial: 

iS-i-HoH  at  mil  No.  I,  OHfami  .>/  Charln  DouyL  I 

Yellowieli  aoil.  day-tilie  In  consiHtency  ....  iO 

Btwalt.  tiiird.  uoatly  blaok,  but  with  Bcoriw«oiiii  portions  170 

ToWiaapth _ 310 

Siiiati  this  I'econl  wan  olttained,  tlie  writer  has  been  infonneil  hj  i 
Mr.  E.  H.  T.ibby  that  thin  well  ha»  t>eea  deepened  4o  feetaud  now  had i  I 
total  dtpth  of  220  fttet.  There  is,  then,  a  dittei-epantiy  of  3U  feel  in  tin  I 
rwiordft  tihl«inwl.  At  the  time  of  the  writer's  visit  (June  2«,  HdflJ  I 
this  widl  was  i'.hho<1,  Iml  snnie  water  rose  uut.side  the  easing;  withiHuj 
tile  CNMing  wator  n)!«e  Ui  a  lieight  of  alxiiit  HO  feel  above  the  grouiwl;.] 
but  the  full  height  to  which  it  wonld  rixe  in  an  open  tube  wan  notl 
meaanivd.  At  an  elevation  of  about  4  feet  above  the  ground  the  tils-  i 
charge  was  from  15  to  30  gallons  a  minute.  The  deepenin*;  *nJ  , 
recatjini!  nr  readjiuttment  of  the  old  caning  since  the  date  nieutlotiMt,M1 
the  writer  ha.s  heen  informed  by  Mr.  I,ibhy,  resulTiOd  in  inrreasinc  ThP 
Mow  I.I  111.1  -lalloiis  a  tiiiiiute.  Tlie  wjiter  is  t-lenr.  tjistcle.-is.  witlioul 
apprccialile  <|uantilies  of  ^as,  and  evidenlly  of  •:in)d  niiiility.  The 
temperature,  as  aieasiii-ed  liy  Mr.  .John  Adani.s  <ni  !>e<'embers,  VM*\ 
was  .iS^"  F.  A  copious  spring  a  few  rods  distant  liad  n  leniiwiitliiw 
of  -140,  ;ind  the  air  a  tcmperalurc  of  -tso. 

Wells,  Nos,  :;,  :(,  and  -t  !tiv  in  a  firoiip  within  a  radius  of  ;ihoiit  \» 
feet,  about  1,(HH(  feel,  west  of  Mr.  !>owd's  house,  and  appmxiniatJ'ly 
;M)  feet  higher  than  the  surfa<-e  at  well  No.  1.  The  temperature  of 
these  wells,  us  determined  by  Mr.  -loiin  Adams,  is  fi-oni  l',i;o  itnn^of. 

Well  No.  -2  has  a  diameter  of  .'i  inehes,  and  is  report*'d  by  Mr.  l>off<i 
to  i»»ss  thrimsih  the  foUowin^'  strata: 

.SVr(/.iii  (1/  ,rrll  .V...  .',  ,.,i  f„r„i  nf  Chur/is  DiKnl. 

YellowiBh  cl«y.  with  i[uartK  pebbles _ :I0 

Soft  j-ellowiBh  I'la.v  -   Tit 

Baudt _ _ 1.5 

Sand.  BOfl.  '" clay  Band "   (a  few  iiiclu'ei 

Total  depth  alKint    _ ._     l(Hi 

This  well  is  poorly  eased,  an<l  watei'  ri.ses  to  the  stirfa.'f  and  owr- 
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owB  both  within  and  ontHide  of  the  \n\Hi.     The  flow  is  estiinHtiMl  to 
efrum  4  to  5  gallonH  a  minute. 

Well  No.  3  has  a  diameter  of  5  inclies,  narrowing  to  4  inches  near 
16 bottom,  and  I)as8e8  through  esHentially  the  same  inaU^rials  as  <lid 
^ell  No.  2.  Water  overflows  both  within  and  outflidt^  of  the  e^isin^, 
nd  is  about  the  same  in  volume  as  in  well  No.  2. 

Well  No.  4  has  a  diameter  of  5  inches,  and  ptisses  through  the  fol- 
)wing  strata: 

taction  at  well  No»  ^,  on  fami  of  Charlen  IknnL 

Foot. 

Clay 7r>to80 

Basalt 200 

Greenish  clay 30 

"Slate,"Boft 3to4 


Total  depth  about 314 

There  is  a  small  surface  flow,  and  the  casing  is  defective. 
In  reference  to  wells  Nos.  2,  3,  and  4  there  seems  no  reason  to  doubt 
bat  if  they  were  cleared  out  and  properly  cased  a  good  surface  flow 
f  water  would  be  obtained. 

About  1  mile  north  of  the  wells  just  described,  on  the  farm  of  J.  A. 
'dson,  in  Tammany  Hollow,  near  its  northern  Iwixler,  a  well  was  put 
inm  in  1898-99  in  which  the  following  layers  were  passed  through, 
seording  to  the  recollection  of  Mr.  Charles  Dowd : 

Section  at  well  on  farm  of  J,  A,  Nelson, 

Feet. 
Clay 100 

Basalt  L'O 

Coarse,  sharp  sand 3 

Basalt  HO 


Total  depth  about 200 

(Vhen  the  3-foot  layer  of  sand  was  penetrated  water  rose  to  within 
feet  of  the  surface,  and  Ims  since  remained  at  that  level.  The 
11  is  not  cased.  The  water  in  the  porous  layer  is  under  pn^ssure, 
i  if  the  well  were  i^roperly  cased  it  might  be  exiH»eted  to  rise  to 
)  snrface  and  overflow. 

ibout  2  miles  east  of  the  Dowd  wells,  and  in  the  same  valley  or 
low,  on  the  farm  of  A.  S.  Wisner,  where  the  surface  is  alwuit  UK) 
t,  by  aneroid  measurement,  above  Dowd's  wt^ll  No.  1,  a  drill  hole 
»  put  down  a  few  years  ago  which  is  n^portiMl  to  have  passe<l 
ough  the  following  strata: 

Section  on  farm  of  A,  S.  Wisjwr, 

Foft. 

Gravel 25 

Clay,  compact 105 

Basalt 80 


Total  depth 216 

So  water  waa  obtained. 
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Niii-f)R-e  well  a  ft>w  rwts  dintHTil  jMiootraled  the  fnllowiiig  Hl.ratii; 

Section  nt  iivJl  on  fanit  nf  A.  S.  Witnter. 

■'rand  aad  graval  'Si 

Yellow  cluy,  iihanging  to  bluish  Iwlow ...  3.1 

'  Total  depth.    ..  3U 

The  flay  in  tliia  well  is  hit;bly  (-hargml  with  volfaiiic  liust  and  vm- 
tains  Iwif  iiuproHsioiin.  Watwr  w«fl  nlitjaiiioil,  liy  pt'iTiolaticm.  at  tiw 
luise  of  the  laynr  of  sand  and  tcfAVfl,  aiid  the  excavatiun  below  thai 
level  fiintisheit  a  i-waervoir  for  Htorittg  the  water  which  eouien  in  from 
ibove. 

In  addition  to  tht'  drilled  wells  noted,  there  are  reports,  wiihimt 
letaitH,  of  a  dug  well  4(1  fiet  deep  about  1  mite  north  of  Wisucr's  well, 
lit  a  Hurfuce  t>U>vntiori  tW  foot  higher,  whieh  it*  all  in  basalt  aiid  fiiilMi 
\M  reach  water.  Also  about  I  mile  south,  on  tlio  farm  of  K.  Crulin- 
?er.  wiiere  the  surface  is  alxiut  125  feet  higher  than  at  Wisner's  well, 
a.  well  i!00  feet,  all  in  basalt,  failed  to  reach  water. 

At  many  localitie8  in  Tammany  Hollow  water  isobl.aiued  in  tiurfwn 
wella  at  deptlis  of  from  3(1  to  40  feet,  and  lilong  the  HideH  of  the  valUf 
thei-e  are  Beveral  springs. 

The  bearing  of  the  evidence  obtained  iu  Tamm»uy  IluUow,  with 
reference  to  the  artesian  conditions  in  the  Lewistwn-Clarkslon  liitAD 
generally,  may  be  summarized  iw  follows: 

Tammany  Hollow  is  a  basin  due  to  erosion  which  has  cut  thruugli 
bba  Burfaoe  Bheel  or  abeelo  of  iNUudt  aud  exptwed  a  layer  of  aaud  asd 
gravel  resting  on  clay.  These  sedimentary  bi'ds  are  the  same  a"  lho« 
penetrated  by  ihe  drill  holiMXi  li'a  Small's  f:inii.  uiid  oiili-nij)  uii  (hi' 
sonth  side  i>f    ClearwiUer   Kiver,   ;is  aln-adv  exohiined.      TioiniLany 
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tiver,  Sweetwater  Creek,  and  other  streams,  and  <?an  not  he  ex]>ec» ted 
)wnvey  water  from  a  distance.  Additicmal  «^vid<»nce  is  furnished 
J' the  tem|)erature8  of  the  Dowd  wells,  which,  hh  alr<^H<iy  recordcMl, 
re  58J^  an<l  60^  to  68°.  The  mean  annual  tempf»raturo  in  'J'amniany 
ollow,  as  near  as  e^in  Ik?  judged  from  the  climatic  reconls  of  the 
idon  in  which  it  is  situated,  is  from  4S^  to  49^  F.  As  is  well  known, 
'aMonal  changes  in  temperature  in  localities  of  similar  geographic 
witicm  to  the  one  under  consideration  disap]>ear  at  a  <lei)t.h  of  alM)ut. 
I  feet  below  the  surface.  At  that  horizon  there  is  a  uniform  teni|)er- 
ure  which  corresponds  with  the  mean  annual  temiMM'ature  at  the 
irface.  Below  that  horizon  there  is  an  increase  in  temiMM^ature  of 
)ont  1^  F.  for  approximately  each  r»()  feet  in  depth.  The  well  at.  Mr. 
owd's  house  has  a  temperature  of  oS}'^,  which  indic»at4»s  that  its  water 
me»  from  a  depth  of  at  leat^i  540  f«*et,  while  th<*  three  wells  alwiut 
000  feet  to  the  westward  have  temi)eratures  ranging  from  r»r»o  to  lis*^ 
id  must  l>e  supplied  fmni  a  dc^pth  of  at  li^ast  1,140  feet. 
Here  we  are*  met  with  the  apparently  anomalous  fact  that,  well  No. 
with  a  strong  flow,  is  10^  lower  in  temperatun»  tlian  the  neiglibor- 
g  well,  with  a  weak  flow;  but  as  wells  Nos.  2,  .'^  and  4  aro  ])rac- 
»Ily  uncased,  the  actual  amount  of  water  rising  from  a  depth  is 
rfaapseven  greater  than  is  discharge<l  by  well  No.  I,  whic^h  hivs  a 
irly  good  casing.  Well  No.  4,  however,  is  al>out  1(K)  feet  de<»per 
All  well  No.  1  and  shoiUd  have  a  somewhat  higher  tem|>eratiire,  and 
der  the  conditicms  present  it  may  Iw  exi>ected  t^)  influence  the  tem- 
ratare  of  the  wells  drilled  near  it. 

Phe  only  conclusion  which  seiMus  justiflable  in  reference*  to  the 
irce  of  the  water  at  the  Dowd  wells  is  that  it  com<»s  from  a  depth 
more  than  1,000  feet  below  the  surfa<»c,  tlirough  fissures  in  the 
lumbia  River  lava,  and  in  part  spreads  out.  in  tlic  interstratified 
■ons  sedimentary  ImhIs.  The  spring  near  Mr.  Dowd's  house  has 
t)  a  deep  source,  as  is  shown  by  its  tenii)erature,  but,  the  water 
ng  less  freely  than  in  the  neighboring  wells,  in  its  i>assage  u[»ward 
9  cooled  to  54°.  The  recent  <leepening  of  well  No.  I,  which  increased 
flow,  is  also  in  hamiony  with  the  (?onclusion  tliat  its  wat<M*  is 
Bived  from  fissures.* 

iecimimemkitionfi. — The  success  of  the  Dowd  wells  must  Im»  con- 
Bred  highly  favorable  to  obtaining  artesian  watei*  tlirougliout  a 
^earea  within  the  Lewiston-Clarkston  Hasin,  but  it  is  not  as  n»assur- 
AS  might  be  wished,  for  the  depth  below  the  surface  fi'om  which 
water  comes  is  not  definitely  shown.  It  is  very  encouraging  to 
>w,  however,  that  at  a  depth  of  about  1,(KX)  feet  a  porous  stratum 
•bably  exists  which  contains  water  under  sufficient,  pressun^  to 
ise  a  surface  flow  at  an  elevation  of  more  tlian  500  feet  al)ove  Lewis- 
.     A  word  of  caution  is  perhaps  necess^iry  here,  inasmucli  as  the 


b  may  be  snggestod  that  if  a  charge  of  dynamite  were  exploded  at  the  bottom  of  thin  well 
ow  would  be  BtiU  further  inore— ed. 
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fAotH  in  hanil  <lo  not  prove  the  preseno^i  of  n  wnter-uharged  atratum. 
Tlii^if  is  n  jiusMibility  that  llie  wnter  i-efurivd  to  finfln  itfi  way  trom 
diHtiHut  uplHiids  thi'oagh  fissurt-H,  but  whiU'  \a  kiiuwn  oo  no.' mi  tig  Ihe 
pmsoiiof  of  Hedi  III  I'll  tar  y  Iteds  lit  varioiiH  lioriminn  in  ttio  ColuiiihU 
Rivpf  lava  does  not  favor  this  \wv. 

Having  before  uh  all  of  the  fH<^l>s  which  it  is  practiL-abic  to  obtainiit 
the  pr»>8«nt  time  fOucerniiiB  the  general  question  of  procuring  jitte- 
Hian  wjitcr  in  the  Lewis t-oii-Clark«ton  Baaiti,  the  (inclusions  must  in 
lurgely  oontmllcd  by  t-ODslderatioiiB  of  expense.  No  one  can  say  posi- 
tively that  buccf^sft  would  follow  the  putting  down  of  a  drill  bolett 
a  certain  h>cality,  but  from  h  geologic-  point  of  view  the  experimeni 
is  well  worth  trying.  The  most  favorable  location  for  the  piouea 
well  is  in  the  lowest  part  of  the  basin,  and,  fortiinat^fly,  that  la  when 
the  demand  for  watj?r  is  greatest,  The  lowest  level  of  the  basin  i> 
at  I.ewiHt^m-ClarkHton,  but  the  t««t  nhould  Ite  made  at  tm  great  n  ^ 
tance  an  practicable  from  the  Clearwater  escarpment.  The  wriWf 
recommends  that  a  boring  lie  made  in  Lewiston,  preferably  on  Ihe 
ujiiier  terra<!e  on  which  the  newer  portion  of  the  city  w  built,  as,  for 
example,  in  jii-oximity  trO  the  public-nchool  building.  The  chaneai, 
however,  are  equally  good,  and  possibly  better,  in  C'larkston.  If  tiit 
latter  locality  is  chosen,  the  l)oring  should  be  made  in  the  western 
portion  of  the  city,  near  the  base  of  the  "flrnl  bench."  Ifatrialis 
made  at  either  of  these  localities,  the  boring  shonld  be  carried  ilown  J 
to  a  depth  of  at  least  3,(X)ri  or  4,000  feet,  unless  a  aufficieut  water  sap-  I 
ply  is  obtained  at  a  letut  depth,  or  the  formations  which  anderlie  the  1 
Columbia  River  lava  are  reached.  There  would  be  no  excuse  for  eoa- 
liniiiiig  lo  drill  afier  granlt-e,  illorlie,  mica-schlsi,  limesione,  shaie, 
eti-.,  iue  I'litereil;  liut  Mofl  beds  rimtaining  the  debris  of  such  iikIis 
must  not  lie  inist.jiken  for  the  rocks  themselves  in  place.  A  success- 
fill  boi'itig  »t  cither  of  the  localities  recommended  would  establish  the 
!irtcsi;iti  head  of  the  basin  and  indicate  the  horizon  l>elow  which  other 
widls  might  be  expected  to  yield  a  surfaw  flow.  Owing,  however,  to 
t  he  Uck  of  knowledge  concerning  the  topography  of  the  obi  land  sur- 
fa<  r  over  which  the  C'oluinliia  River  hiva  was  ontpourt^l,  all  [xirtioiis 
of  the  basin  liclow  the  artesian  hejid  determined  from  a  picmeer  well 
might  ni)t  yield  c([ually  favonible  result**.  The  pre.seuc*"  of  diorile 
("gnmitc")  block.-i  on  the  hillside  h  mile  or  two  southeast  of  Lewis- 
ton  and  the  i-eport^-d  tUscovery  of  siiuihir  i-oek  in  plac*  near  the  sanic 
locality  -seem  to  indicate  that  the  older  formations  there  rise  through 
the  lava.  If  tbi.s  lie  true,  the  ivgion  immediately  alMiut  Lewiston- 
t'larkstoii  would  probably  be  cut  off  from  the  source  of  wat+r  which 
supplies  the  wells  in  Tammany  Hollow, 

CAMAM-KAMIAH    B.\SIN. 

To  the  cast  i)f  t'raig  Mountain,  and  intervening  between  thai  uplift 
atiil  llii-  /'ooffiiJl.s  of  tlic  IVitteiTooV  >\o\\i[\\,a.\T\^,\a  a.  \vTo-wi,  shallow, 
srnu-Hirnl  bvisiii,  the  nearly  ttat  cvnVviU  vavV  (^il -wVw^v "\*  <wv.\i.\;\«.A NiS 
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M  Camas  and  Kamiah  prairien.  The  rim  of  the  basin  is  well  dvfinfHl 
a  all  sides,  except  perhat>s  to  the  north,  wherc^  the  Craig  MounlHin 
lonoclinal  fold  flattens  out.  T\w  dip  of  the  sheets  of  lava  away  f  nnii 
w  uplands  of  older  rocks  to  the  eastward  is  slight,  but  judging  from 
le  inclination  of  the  plateau  remnant  between  tlie  stivams,  it  is  defi- 
iteand  continuous  for  a  distance  of  st*veral  miles  toward  the  eenter 
f  the  depressed  area.  Within  the  l)asin,  as  already  de8<*ribed,  there 
re  thick  beds  of  sandstone,  shale,  etc.,  int<^rst ratified  with  the  lava 
leets.  Thus  the  conditions  in  reference  to  both  geologic  structure 
ad  succession  of  beds  in  general  favor  the  existence  of  water  under 
ressnre  in  the  porous  beds.  Information  concerning  the  composition 
ad  order  of  succession  of  the  strata  below  the  depths  to  which  canyons 
ive  been  cut  is  wanting.  The  canyons  in  the  <*entral  portion  of  the 
uin,  as  Jjawyers  Canyon  and  Little  C'anyon,  have  a  depth  of  al>out 

000  feet,  and  the  South  Fork  of  Clearwater  River  flows  through  a 
myon  fully  1,800  feet  deep.  No  water  under  sufficient  pi*essure  to 
Mwe  a  surface  flow  could  therefore  be  expected  at  a  less  depth  than 
le  canyons  have  been  cut,  except,  as  will  be  explained  further  on, 
here  broa<l  plateau  remnants  adjacent  to  the  mountains  exist 
^tween  the  streams. 

The  success  of  deep  wells  in  this  basin,  or  in  the  Lewiston-Clarks- 
D  Basin,  hinges  on  the  presence  or  al>sence  of  the  requisite  succ*es- 
m  of  pervious  and  impervious  beds  and  the  tojiography  of  the  old 
id  surface  beneath  the  lava.  Neither  of  these  uncertain  factors  can 
determined  from  natural  exposures,  although  some  light  respe<^t- 

1  the  succession  of  l>eds  l)eneath  the  Camas  J^rairie  may  perhaps 
obtained  in  Salmon  River  Canyon,  and  must  l)e  discovered,  if 

med  at  all,  by  means  of  the  drill.  The  basin  is,  however,  situated 
near  the  mountains  bonlering  the  Columbin  River  lava  that  it  is 
re  than  likely  several  sedimentary  l)eds  exist  and  that  the  requi- 
5  arrangement  of  one  or  more  ix^rvious  beds  iK^stween  impervious 
^8  is  present.  In  the  writer's  opinion,  the  conditions  in  this  basin 
such  as  to  warrant  the  drilling  of  a  test  well,  provided  t  he  deniHiid 
water  is  sufficient  to  justify  the  expense.  The  pioneer  well  should 
located  in  the  lowest  portion  of  the  basin,  as,  for  example,  in  the 
inity  of  a  line  joining  Cottonwood,  Howard,  and  Steele,  or  midway 
;ween  Kippen  and  Kamiah.  While  the  inaking  of  su<*h  a  test  in 
8  region  is  justified  from  geologic  eonsidcM'ations,  tin*  cost  would 
>bably  l>e  far  greater  than  the  best  i-esults  to  l)e  hoi)ed  for  would  war- 
it.  The  test  well  should  be  carried  to  a  depth  of  at  least  .•i,(H)()  feet, 
less  suc(*essful  results  an^  attained  at  a  less  depth,  or  the  ro<^ks  which 
derlie  the  Columbia  River  lava  are  reached;  and  the  expense  would 
)bably  be  greater  than  the  utiliz^ition  of  the  water  for  irrigation 
rposes  would  justify.  Seemingly,  it  is  only  for  the  supply  of  towns 
considerable  size  that  such  an  experiment  as  has  lieen  suggested 
>ald  be  made. 
i portion  of  the Oainas- Kamiah  UtiAln  aAiac«ivV\«>i>\^\»«fcvA^vi>- 
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tilafao,  embrat-lng  an  urea  of  altoitt  'HW  BqnaD!  niile».  Iiatt  h  |^Dtle> 
iloiH*  uort.hwttn],  ami  is  uiiciit  by  caiiyouH  uioi-e  Ihaii  uni'  or  two  hiiih 
.Irect  feet  deep.  Ut^iii-aUi  tliitt  area  t)ien>  are  ]Himus  ImkIh  at  ao  tfrttat. 
.lepth,  as  M  shown  iu  purtiii  llic  rjiiiyon  whIIh  anil  in  part,  by  borin|^ 
that  hiivt>  1x^)1  made.  Wliilt^  Nonit*  <if  I.lii'.si>  pi>iiiii.>t  bedx  arc  cut  bf' 
the  »ha11uw  oanyoiis,  oth^rn  imww  iuhIit  llii'in  anil  should  furnuk< 
water  vuidor  preamin'.  The  priiicitml  ImiKt  nf  oliUiinini;  flowingwalw 
in  thU  reftion  in  based  on  two  priniMphw:  (1)  That  tlit-  pi^rviunit  InmIb 
[HiiiipostKl  uf  unouiisolidatt'il  detirift  Hwepl  nut  from  the  muuiitAinNAnil 
:«ivfii'<l  In  iMtrt  by  lava  may  ohann*'  a'^i  Iwcome  impervious  al  »  Jifr 
ljin(-i'  fiiiiii  the  soHifH"  of  supply.  (When  this  liappeuH.  ami  ilie  W 
is  itiflliiftl  and  ovfrlaln  and  underlain  by  shff**l*  of  Impervious  male- 
rial,  a  wkII  put  down  in  il^  coai-ser  ixirtlnn  should  yield  a  surfow 
flow.)  (:;)  That  tli«  tliiw  of  waliei-  thntugh  a>i  inclined  pontUH  iied 
havin)^  imptu'vioux  l>edH  alxive  and  Ix'low  if  reljirded  by  frii-l.ion  Hnd 
mHy  yield  a  xurface  How  at  t-ertHlit  lixmlllies,  altliongh  it  is  cut  tiys 
BUiyun  at  a  distantv. 


^^ 


The  lit-st  of  thi-.si-  |.i'iii(-ipl,-s  is  M>lf"-i'v  i.l.-nl,  Imt  llii'  ■<.;;.u-[  iiwv 
perhaps  r<-i|uii-<'  funher  exiihiiiali<iii. 

Thill  water  conlinei!  in  an  ineliii.'il  |...r"iis  b.'.l  niiiy,  .iwini;  r.i  iIip 
frk'lion  <>{  flow,  I'ise  l.i  thr  siiffae.-  in  .'as..  m.-IIs  an-  drilled  liiidwuy 
dowri  ils  sl.ipi'.  is  proved  by  an  eNpeiioL-nt  Mi.-li  as  is  iljuslral.-.ljli 
li;:.  '.t. 

Ill  tlx'  i'ei;iiiii  aliont  Dc-nver,  in  the  soii1][c-]']i  poi'tiiai  of  Die  t'aiiiiiK 
Pi-aii-i.- and  probably  exten.lin;.'  as  far«estwaj'cl  as  (.'ulloiiwoo.l,  tliv 
slope  of  th.'  strata  is  nortliweslwai'd  al  a  low  anirle,  or  away  from  llie 
bold  eseai-piiu'Mt  known  as  iMonnt.  Idaho.  This  Tnonnlaiii  was  nol 
viNite.ldiii'infrlher.-eonnaissain-e  wliidi  f<iriiistlu'  basis  of  this  r.-porl, 
but,  JuilfiinK  (r<)Hi  its  lopo-rraphy  and  from  observations  inadi'  Iiy 
others,  it  no  doubt  is  eoiaposi'd  of  roeksof  ol.lerdate  than  iheColiiin- 
bia  River  lava,  and  f<)rins  a  portion  of  the  boniidary  of  thai  fonrmtion. 
Debris  from  this  aiieieat  ii|.lan<i  swept  .lowu  upon  the  fohiiiiliia 
Kiver  lava  at  various  times  dnrinj;  the  intervals  belween  (he  erup- 
tif/ns  »hh-h  f^nvi-  orijxin  lo  its  luinierous  sheets,  and  shmild  oeeiir  aihl 
/w  fitynrnhiy  NiJuitteil  to  be  ehiu'vred  wU\>  w.Wvy.    TXwxV swvV \y.;i.\4  u.w 
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rwent  l>etween  the  shc^ets  of  lava  has  aln»a(ly  1kh»ii  shown.  Tli^y 
lay  Ix'  oxi)ected  to  l>c  thickest  a<lja<5eiit  to  ihv  inonut'ain  from  wiiich 
ledehris  eoiuposing  thcin  was  derived,  and  t.o  thin  out  and  )>e<*onie 
oer  in  texture  toward  the  center  of  the  basin  on  the  inwanl-slopin^ 
de  of  which  they  ocrciir.  This  indieat^^s  that  the  two  i)riiu*iples  in 
?ferenee  to  ai'tesian  conditions  may  thero  tin<l  application,  and  the 
ict8  fumislied  by  certwn  wells  that,  have  Imhmi  drilled  s<^em  to  b«»ar 
it  these  conclusions. 

Wells  tif  Dfurer. — Such  facts  as  it  has  Imm^u  i>ossil>le  to  ji^lean  con- 
?niin{r  the  several  wells  put  <lown  on  the  Canuis  Prairie,  principally 
t  Denver  and  vicinity,  are  here  pres(»nte<l.  In  most  instances  the 
iformation  hjis  been  furnished  fi*om  memorv  bv  pci-sons  wlio  weiv 
resent  when  the  wells  were  drilled. 

A  well  driUe<l  on  th(*  farm  of  N.  Nelson,  1]  miles  cast  of  C'ottoii- 
00(1,  in  1800  passed  through  the  following  strata: 

Sectiini  at  inell  on  farm  <tf  S,  \t'ls(ni. 

Surface  soil  and  8ul>8oil  containing  fragments  of  basalt..  40 

Softbasalt '26 

0  ravel  f  soft,  easy  to  drill 52 

Total  depth 118 

Work  was  discontinue<l  on  account  of  an  ac(Mdent  to  the  <l rilling 
|(.  Water  was  obtained  in  the  gravid  an<l  rose  to  within  or»  feet  of 
i6  8urfa<»e,  but  did  not  overflow.  The  well  do<»s  not  seem  to  have  l)een 
■operly  eased. 

At  Denver  five  drill  holes  have  been  put  down,  the  records  of  wliic^h, 
far  as  it  is  now  practicable  to  obtain  them,  are  as  follows: 

^e\i  No.  1:  Near  Parker's  mill;  drilled  iu  l.S))a:  total  depth,  '20'2  feet;  hard  rock 
t  reported;  water  rose  gradually  fioiu  near  the  bottom  to  within  00  feet  of  the 
face;  supply  large;  pumped  by  meaus  of  windmill  and  steam  power,  and  used 
boilers  in  the  mill:  wooden  casmg  for  first  100  feet. 

^ell  No.  "2:  Under  Parker *s  mill;  distant  about  IV)  feet  from  well  No.  1 ;  drilled 
80.V%;  no  solid  rock  reached:  the  first  110  feet  in  soil  and  subsoil  containing 
sks  of  basalt;  sand  and  clay  containing  white  pebbles  < quartz)  at  Km)  feet:  at 
feet  the  sides  caved  in  and  many  tons  of  sand  were  taken  out;  water  rises  to 
hin  90  feet  of  the  surface:  supply  small;  an  abundance  of  water  reached  at 
feet,  but  could  not  l)e  utilized,  owing  to  the  caving  of  the  walls:  well  has  a 
>den  casing  down  to  a  depth  of  140  feet,  and  a  gal vani zed-iron  tube  within  it 
,  depth  of  90  feet. 
TeW  No.  3:  In  the  central  part  of  the  town,  about  a  half  mile  from  well  No.  1 

at  an  elevation  50  to  60  feet  greater:  total  depth,  2',^')  feet;  a  little  water 
ained  at  100  feet,  a  large  supply  at  200  feet;  the  water  rises  to  within  100  feet 
he  surface;  iron  casing  for  a  short  distance  from  the  surface,  to  retain  loose 
:erial,  and  a  3^-inch  iron  pipe  within,  for  pumping,  which  reaches  a  depth  of 
ut  200  feet;  water  now  pumped  by  steam  power  and  windmill  for  town  use. 
iTell  No.  4:  In  the  northern  portion  of  the  town,  about  a  half  mile  from  well 

8  and  20  feet  higher;  said  to  have  been  drilled  entirely  in  loose  material;  total 
th,  825  feet;  water  roee  to  within  90  feet  of  the  surfaoe;  not  used. 
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Well  No.  5:  In  sontht^attTii  jiortioii  of  tha  town:  w«p  abuuiloaeJ  at  a  3eptlio( 
100  feet. 

WiUiiii  ii  rtwljiis  of  libuul.  '6  luilfiH  t>f  Ueaver  hikI  Io  tU«  tiuuUi  ut  the 
town  four  utlier  welis  urc  Haiti  to  have  been  put  down  tii  deplh.s  vfiry- 
ing  fiiJtn  I0()  l4i  220  ft^et,  Imt  uot  tmp  of  them  fumiuhes  flouiii^  wat«r. 
One  of  thuin,  on  the  farm  of  C  U.  KiinoK,  wan  snnk  to  a  liejith  of  S)0 
feet  in  solid  btu«all.  Another,  :ii  miles  (wutheast  of  Deiiv*-r,  oxoavHti^I 
mostly  with  pick  amJ  shovel,  nucwrrtiiiK  to  the  stAtementt*  "f  Mr.  Vi  II. 
Zmuwalt,  piutsed  through  thv  following  strntd: 


I 


Htfliuii  Si  milm  miutheoJil  of  HftHirr. 

Fwt 

Soil  anil  Bubsfiil _ _.  IB 

Bock  (basalt)    -   81 

Soft  nut t(?rla1  of  twIoub  colon _ 98 

Totul  ile|ith  -- 140 


Plenty  of  water  wa«  obtained  at  13C  feet,  and  maintains  a  depth  nf 
10  fW!t;  used  for  farm  purposes.  Another  well,  14  miles  woatliof 
Denver,  on  th«  farm  of  Isaae  /ehner,  {Missed  through  soil  and  sa\m'i 
to  a  depth  uf  m  feet,  and  then  throufih  14(1  feet  of  basalt.  Tht^  total 
depth  of  the  well  is  220  feet.  Wat^r  was  reaehed  at  20(1  fe«( ;  did  nol 
rise;  is  used  for  farm  puri>o»t^R. 

The  great  variations  in  thv  unturc  uf  the  nuiks  pHsse<l  thrciiigh  In 
the  siuking  of  the  wolls  in  and  about  Denver  show  that  the  surf(H'«  '^ 
portion  of  the  furroations  undei^oea  marked  ohiuigeB  within  ahuft  ■* 
diKtanues.  In  the  town  wells  no  solid  Imsjilt  wjts  enpnuntered,  wtiil*" 
L'.J  milrsli.  Ihr  s..iLl]i.'ast ,  iin  llie  Katios  fjinii,  h;us;ill  wilh  ;i  tliii'kiir 
of  yi  feet  w-jis  r.'jn'ln.-d  ill.  iml.v  HI  feel  iM-nealli  llie  siirfac.-.  It  .'vtir- 
lies  soft  beds  of  variegated  eulors,  such  aa  prt-aeuletl  by  tln'  iK-dinienl- 
ary  lieds  l)eueath  the  upjK-r  lava  sheet  on  Grande  Koiide  KiveriintI 
at  other  localities.  The  ivasoii  for  these  variations  ha.s  not  Iwen 
thoroughly  determined.  The  facts  in  hand  seem  to  indicate,  liowevw, 
thattlie  surface  sheet  of  basalt  at  Denver  has  been  ei-odeil  away  or 
decayed,  while  in  neighlwring  Iwalit.ies  it  still  remains  and  is  Iml 
little  changed.  Tlie  explanation  offei-ed  on  a  iin-ecilinf:  jm^e— llu' 
rough  topogi-aphy  uf  the  level  plateaus — may  apply  lieiv.  That  i^, 
the  surface  sheet  of  basalt  at  Denver  was  rut  by  stream  <liarini'U 
during  a  period  of  more  active  erosion  than  is  now  in  progii-s-s,  llif 
surface  evidence  of  which  haw  lieeii  olililerated  by  snbsciiiienl  hkivc- 
meuts  ill  t.lie  loose  superficial  material.  Tlie  mountains,  however,  :m 
only  10  or  12  miies  rtislani,  and  nlhivial  material  may  have  \WJi 
dejioHiteit  on  the  previiui.sly  erodi-d  and  weat.hei-ed  surface  Hheetsof 
basalt,  thus  again  cuni-eiiliug  the  i-lianfjes  pivviously  produced  iu 
its  relief.  Sufficient,  time  was  not  nvailable  to  (est  these  sngfresleil 
lijp..1he.-es  in  the  field. 
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The  wells  thns  far  put  down  on  the  Camas  Prairie,  although  show- 
ing that  water  under  pressure  exists  in  certain  layers,  <h)  not  furnish 
ft  fair  test  of  the  artesian  conditions.  None  of  the  wells  are  properly 
cased;  but  the  fac^t  that  in  those  at  Denver  the  water  rose  more  than 
100  feet  above  the  level  of  the  point  where  it  was  first  reac^hed  gives 
evidence  of  true  artesian  conditions.  It  is  probable  that  if  these  wells 
should  be  proi>erly  cased  a  surface  flow  would  ho  obtained. 

The  structure  of  the  rocks  beneath  the  Camas  Prairie  and  what  is 
known  concerning  the  texture  of  the  l>eds,  as  well  its  the  information 
furnished  by  the  wells  that  have  been  drilled,  favor  obtaining  flowing 
water  at  a  depth  of  a  few  hundred  feet  in  the  region  alK)Ut  Grange- 
ville,  Denver,  and  Cottonwood. 

SUGGESTIONS  AND   RECOMMENDATIONS. 

For  the  l)enefit  of  the  people  in  the  Nez  Pen*e  region   who   are 

directly  interested  in  the  search  for  water,  an<l  to  whom  the  exi)eri- 

ence  in  well  drilling  gained  elsewhei'e  is  not  easily  ac^cessible,  the 

''estAtement  of  a  few  well-known  principles  bearing  on  the  general 

subject  of  artesian  wells  may,  perhaps,  l)e  welcome.     The  following 

suggestions  have  been  taken  principally  from  a  paper  by  Prof.  T.  C'. 

Chamberlin,  the  title   of  which,  together  with  references  to  other 

treatises  on  the  same  subject  which  may  profitably  be  studied  by  well 

drillers,  is  given  in  the  list  of  references  presented  in  th(»  bibliography 

>n  page  130. 

Attiention  has  already  Ix^^en  called  to  the  fact  that  none  of  the  wells 
D  the  two  art'Csian  basins  described  are  properly  case<l,  and  in  several 
nstances  no  attempt  has  been  made  to  insert  the  necessary  pipes 
hrough  which  the  water  can  rise.  As  the  material  passed  through, 
specially  near  the  t<)p,  is  open  and  porous,  it  would  be  a  surprise  in 
lost  cases  if  water  should  rise  through  it  to  the  surface.  The  imi)ort- 
nce  of  casing  wells  can  not  lx»  overestimated,  for  it  is  no  more  rea- 
3nable  to  supi)ose  that  water  can  rise  through  a  hole  drilled  in  open 
nd  porous  material  than  that  it  can  rise  to  the  third  story  of  a  house 
*  the  supply  pipe  in  the  basement  is  full  of  holes. 
The  usual  method  of  preventing  the  escai>e  of  water  on  the  outside 
f  the  casing  of  an  artesian  well  is  to  surround  the  casing  just  above 
[le  water-l>earing  stratum  with  a  bag  mmle  of  leather  or  rawhide  and 
lied  with  dry  flaxseed.  Tlie  flaxseeil  absorbs  the  water  and  swells 
nd  expands  the  bag  so  as  to  shut  ofl"  the  water  from  the  sxiace  out- 
ide  the  pipe.  The  method  of  o-ttaehing  the  bag  is  shown  in  fig.  10. 
Another  metho<l  for  obtaining  the  sanu*  result  l)y  means  of  rubber 
inks  is  des<^ril)ed  and  illn.strated  l)y  (-hamberlin  in  the  article 
ef erred  to. 

By  means  of  a  se<»<i  bag  test-s  can  l)e  made  which  will  reveal  the 
lost  desirable  position  for  the  lower  end  of  the  casing.     In  this  con- 


h 
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n<<ctioii  ihf  fiillowinc  quotation  i«  ihmjIp   fi-viiii  Iho  pap«T  by  Chum 

berlin: 
The  water  may  rise  from  the  bottom  to  some  higber  portion  of  a.  w«U.  and  tbste 
liy  paiisiiig  liiternlly  tliroagb  the  npper  stntta.anil  Tail  to  averflow.  It 
is  a  mottt^T  of  aome  practical  moment,  tberefore,  to  kmw 
when  a  atreum  in  strach  whicb  taay  yield  a  flow 
anrtace  wlieli  pnl  under  proper  conlrol;  1 1 1  Sach  a  a 
Qsaally  disi-oviTs  iteeH  by  a  rise  of  wattr  in  the  well, 
but  thia  is  not  alwava  the  case.  |2)  Some  influeD>«Dii 
tlie  nctton  of  the  drill  is  liable  to  be  fi-lt.  which  mar 
arouse  siiajiicion.  (U)  In  un^  instances  of  a  strong.-  Huw, 
the  ilrillintts  are  apt  to  be  carried  awaj.  so  that  when  tba 
Baud-pnmp  fails  to  bring  these  up,  or  brings  only  coirsr 
muterial.  there  is  good  reason  to  believi>  that  a  strain 
hns  tieen  atrnck  and  the  jiroper  teat  shonid  be  m»di\  It 
IS  ordinarily  desirable  to  t«st  the  capacity  of 


other  indications,  helon 
1  advisable  to  make  proridne 
..  sincti  it  is  not  always  lo  the 
his  machinery  is  set  up«i<l 
e  more  liuiit«d  depth.  Tlie 
I-  be  tesl«4l  I 
libber  packing,  ub  expUin^J       S 

I  make  both  a 


sinking  lo  a  lower  one, 

ill  tbe  contract  for  anch 
itit«i'es..  of  the  driHer,  t 
well  at  work,  to  stoji  i 
lajiabilities  of  the  Pow 
tnbe  and  eped-bag.  or 

It  is  posaible.  in  iierfect  honesty,  i 
live  and  a  fal»e  tent.  Suppose  that 
two  poTons  beds, AandB(fig.  [ll|). 
sep.itatol  by  an  impet-vioDS  liyer. 
are  traTpraed,  and  the  testing  of  the 
first  bae  Imbn  neglectM),  eitiier  be- 
Ci'iine  it  Failed  lo  irive  eiiciiirHcinK 

In  1IIIW  ilewiretl   tu  tfhl   these.     iia\>- 
"         ,.        inwf   tlie  Beeii-liiiB   ur  rulibwr  pack- 
iKwil  hnu.      <"B  Iw  plai'eil  ft1"ive  the  uppiT  one. 
iAfl"t-(1iBmliBrlin.i  Now.    if    both     bpjir 

e<iually  high.  I  lie  tes' 
luiidi!.  and  the  reKiilt  will  iiidiciite  their  I'oin 
o)'.  if  both  heads  are  »t  Ifiist  as  high  iih 
wail,  the  test  may  be  atcepled.     But  sni 

or  is  otherwise  defective,  while  the  iitht^i 
and  liearaai)  elevated  fnuutain-hund.    Under  these  conditio n a 
the        t  a    U  n   f  B  through  the  bore  into  A,  and 

escai  late  all  tl  gh  I  illustrated  in  the  liguri'.  Now. 
in  this   a       1  It  m  y  1       ither  simply  negative  or  iioei- 

lively  f  Ise  d  I  1  g  II  tliw  lateral  Ipakaije  through 
thb  t  t  m  \  IT  t  II)  1  iioseil  of  the  How  from  B,  and 
ther  1kg  tl      upper  jiortion  of  the  well,  the 

wate         th    t^tt   1  uld    tand  during  the  tect  at  esaen- 

tiallytl  1     t,l  t  a     be  fore,  and  the  lesult  winild  lie 

negi  t         ml)  fall     fe  1      n  licati'  a  possibility  that  rually  existed.     If.  on  tli# 
olhe    h      I     1  isl  t      I  leakage  throu^ii  the  upper  strata  as  well  ii.i  tbrougb 

A.n    tie      1        1«    S  1  iipetBiitlodi.-ipo9i-of  llietiowfrom  B.then  theiiitro- 

dnctioa  of  the  K■^t-pipe  would  cMtoR  live  uvptT  \KB.V.a5,a.\wi\\ug  the  lied  A  iiniiiil'' 


lest  will  he  fairly 
ombined  I'apncity; 
th>'  surface  a'  the 
piisH  that  the  bed 
«n'lied  by  (TKvii  ea. 


\M,  Wn.'.lti 
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tg  diapoae  of  the  enttre  flow.    In  this  case  there  wnulil  be  a  riee  of  water  in  the 

tube,  ud.  poaalbly,  a  flow.    The  mlechievoiuneu  or  a  te«t  of  this  sort  lies  in 

tlMftet  that  It  appears  to  be  a  tme  test,  becsnse  it  ahowH  Borne  reenlt.  while  in 

mlitf  it  is  falae  and  misleading.    The  true  test  in  this  cone 

MB  onl7  be  made  by  placing  the  packing  between  the  porons 

bedaAandB. 
lUe  another  instance  where  two  porons  beds,  as  A  and  B, 

Igare  [13],  have  been  travened.     Let  the  pocking  bo  placed 

between  these.    Then  (1)  if  A  eijaals  B  in  pruclnctivecapac- 

Itj,  witer  will  stand  at  the  same  height  within  Hml  with- 

ont  the  test-pipe  if  there  in  tio  Ifukage  in   Ihe  vfijicr  In-dn. 

(3)  It  the  failure  to  flow  was  dne  to  snch  leakage,  then  a 

Sow  will  result  from  B.  bnt  the  additional  flow  which  might 

iMwcared  from  A  is  lost  (me  figure).      (3)  If  Ahasa  ;,'realer 

bsid  than  B.  and  if  there  is  no  loss  above,  the  water  in  the 

(Kt  pipe  will  actnally  be  lower  than  that  ontaide.  as  illns- 

triteilin  figure  [13].     This  may  be  said  to  be  iin  inwrlM 

ttMl,  snd  is  lees  misleading  than  the  fnlse  iind  negative  t«BtB. 

itaetit  plainly  indirates  an  error  of  maiiipnlRtion.    I  h&ve 

known  snch  a  case  of  reduced  head  as  the  result  of  an  at- 

taiipted  test.     (4)  If.  however,  there  ia  in  this  case  con- 

Hdntble  lateral  waste  In  the  upper  strata,  the  valuable 

Bow  from  A  will  be  lost,  jnet  a.i  before  the  test  was  made, 

vliOf  B  may  give  a  rise  in  the  tube,  or  even  a  flow,  which 

*oa]d  (oater  the  impreesioti  that  a  fair  test  had  been  made, 
while  in  reality  the  great«r  flow  haa 
been  lost.  (5)  A  givee  a  feebler  flow 
than  B,  but  has  an  equal  head,  the  test 
will  fall  of  being  couipletely  satinfac- 
torv  only  in  excluding  the  feebler  flow 

from  A.  (8)  If,  however,  A  haa  s  lower  head,  and  ia  a  pos- 
sible means  oF  escape  for  the  flowiiiie  from  B,  then  the  pack- 
ing has  been  placed  nt  the  rif^ht  point,  and  the  text  giveH  the 
best  results. 

In  still  another  case,  let  A  and  B  represent  porons  beds 
(Hgnre  [14])  the  lower  of  whii^hisaoconditioneil  a>>  to  drain 
.the  apper  one  by  virtue  of  a  lower  outcrop,  in  the  manner 
previously  explained  and  illuHtruted  in  figuret  ( i;j  and  14[. 
(1)  First,  if  thi'  drainaKe-losM  below  in  not  tomplete,  and  if 
the  packing  is  planed  above  A,  an  Hhonn  in  fl(;Dr<-  [14],  I,  the 
result  will  be  negative,  it  thpre  in  no  leakage  in  the  upper 
Btiata,  (2)  Should  there  be  cuneiderable  loss  there  it  will  be 
cutoff  by  the  tube  and  pocking,  and  Home  rise  in  the  tube  will 
be  the  result  in  most  cimcs.  In  either  instance  the  result  is 
misleading,  particularly  in  the  lont.  because  the  small  rise  of 
the  Wiiter  in  apt  to  allay  any  suspicion  hh  ti)  the  efllectiveness 
of  the  teat.  The  real  fact,  however,  reinikiiM  thut  the  flow 
from  the  productive  stralum  is  mainly  lost  below.  i:()  Suji- 
posetbat  the  packing  J8  located  between  A  and  1),  as  in  flgure 
l-l| ,  II.  it  will  then  shut  otT  the  flow  from  A.  while  that  in  B. 
becauBiiof  a  lower  outlet,  will  fail  to  flow.  Now.  jf  there  is 
pportonity  for  lateral  leakage  in  the  ujiper  strata  tho  water  from  A  will  rise  in  the 
rell  niilHidvot  thetest-pijieand  pass  off  into  these  opon  upper  beds.  (4)  But  if  no 
Dch  opportunity  is  afforded  it  may  rine  to  the  surface  and  overflow  i»iMilr  of  the 
BBt-pipe,  while  tiie  water  within  the  test-pipe  will  probably  be  fonnd  to  be  lower  than 


well.  obowtiiK  >  !>■'- 


der  preabttrc.    (At- 


Well.lllUH'Dltlllllill 

lDV«rti>cI  teiil  for  va 
b>r  npdur  prasNiim. 
(A/<«r<.'huDberlln.  i 
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before  tba  t«et  wan  made.  The  projier  method  of  teeting  wells  knowii  or  snapecUd 
to  priwint  tbeae  comlitioDs  ix  tu  sink  a  simple  hag  of  seed  orotbor  olwIructioD 
to  a  poiot  ill  the  iuipfrvioas  rttratam  betwwn  A  and  B.  which,  when  il  ti|chl«ni 
in  its  place,  will  abnt  off  the  flow  lielow.  Then  n  lube  with  j'*ckinpsiink  to  a  jioiM 
above  A  will  etTectually  cut  off  oil  leakette  in  the  tipprr  simta.  aod  the  (all 
capacity  of  the  wat«r-bed  A  will  b«'  (estec). 

Theaf  examples,  while  not  exhstiBtiv?  of  pnsBible  raeee.  illut^trste  tbe  nutur^  ot 
defective  teats  and  the  deeeptivi-  conclns.otJB  liable  tc  be  drawn  from  them.  Th? 
remedy  is  manifest.  Teat  encb  nater-bearinRatrRtntn  ah  it  in  eu countered,  or  els* 
vary  tho  final  teela  so  as  elTi'ctnally  to  eicliide  nil  liahilitiee  to  error. 

To  test  tlie  pri'Hsure  iif  llic  w»t4-r  in  iiii  artesian  well  nnd  thas  Icani 
the  arieginn  htcut^  a  lulw«  nix'ii  at  ito  upper  extremity  iimy  l>e  attacbed 
t«  th«  top  of  the  (-aRiiig,  ar  of  a  pipe  iiiMTtAd  in  the  well  And  pntvidwi 
with  H  stied  bag  at  the  prdjier  place,  and  carried  np  until  the  waWr 
no  longer  overflow».  For  thin  purpose  a  rubber  hose  pii>e  p«u  fre- 
quently lie  used  to  advantage.  The  height  to  which  the  wat«r  mil 
rim'  in  the  tulie  will  show  the  horizon  Iwlnw  whifli  other  wtdls  in  tJie 
^Hr(ll^  artx-nian  liiiMin   may  be  expected  to  yield  a  surface  flow.     The 
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same  ivmhIi  (.'an  he  reai-hi-d  liy  tillarhins:  jiti  (i 
the  lo|i  iif  the  easiii}^  and  reading;  !hi'  [iressure. 
sure  (KT  sijnan-  ini'h  will  he  ciiujil  to  a  rise  nf  ' 
to  the  height  of  -l.'.n  feel. 

The  writer  wisiies  to  enipha-size  a  few  principles  wliirh  evidently 
an'  not  fully  appn-eiated  by  all  of  those  interested  in  the  drilled  wells 
of  the  Nez  Peree  region, 

(1)  All  wells  shiinld  be  thoroughly  tested  in  one  or  more  of  the 
ways  just  deseril>ed,  to  asrertain  the  pressnrp  of  the  water  at  various 
hori/.ons,  and  if  suffifient  pressure  i;>  discovered  at  any  horiwtn  to 
foree  the  water  to  the  surfaee  thi^  well  abovi-  lliai  puinl  Hhould  lie 
effeetivejy  cjised. 

(2)  When  flowing  wat«r  is  obtained  the  well  should  be  .itfurehj 
doncil  at  all  ibiiF.s  ii'hr}i  the  water  w  nat  Iwinfi  -usitt.  The  rea.'iOfi  for 
this  is  thnl  every  flowing  well  is  an  ojrening  into  a  reservoir  whieh  is 
nni  inexhaustible. 

(.3)  Wellx  whieh  for  any  reason  are  abandoned  should  la-  clos.'.l  jnM 
above  the  waler-ltearing  stratnm,  so  as  to  prevent  leakage  into  nlln't 
pOi-OMs  layers  or  through   Assures,     This  car.   be  accomplished  by 
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loweriug  a  closely  filling  plug  of  wood,  about  10  fc»i*i  in  U»ngih,  lo  the 
proiKM*  horizon.  The  swelling  of  the  woml  on  absorbing  the  water  will 
close  the  oix*iiing.  Possibly  a  nion»  satisfactory  way  would  l»e  to  till 
the  Ixiring  with  Portland  eenient.  This  matter  is  so  important  that 
it  should  be  made  a  hiw  applicable  to  every  artesian  ])asin.  To 
demonstrate  the  importance  of  this  measure  it  is  but  necessiiry  to  i*on- 
sider  the  wells  in  Tammany  Hollow  an<l  at  Denver,  which  either  are 
not  easeil  or  are  imperfectly  cased  and  in  whi(*h  water  rises  to  a  d(*finite 
horizon  and  in  some  instances  remains  at  that  level  even  when  active 
pumping  has  been  maintained  for  a  hnig  time.  Such  wells  are  in 
ivality  llowing  wells,  although  tlu»  escape  is  subterranean,  and  an*  in 
each  ease  reducing  tlie  pressure  in  the  sujjplying  stratum. 

ECONOMIC  (;kolo(;v. 

Fi-om  the  hasty  reconnaissance  on  which  this  report  is  based  it  is 
not  safe  to  venture  far  in  I'eference  to  the  economic  value  of  the  min- 
eral resoin*ees  of  the  I'Cgion.  A  few  notes,  how(»ver,  in  tlii>  connt^c- 
tion  nmy  be  of  some  service  when  a  more  thorough  gcologit*  survey  is 
undertaken. 

BUILDING  STONE. 

A  tine-graiued,  gray  granite  (diorite)  of  excellent  4uality  occui-s  in 
practically  unlimited  qiumtity  on  Snake  Kiver,  about  0  or  s  miles 
above  the  mouth  of  Grande  Konde  River,  and  has  ])een  ((uarried  in  a 
small  way  at  two  or  thi^ee  localities.  The  excavati(»ns  thus  far  made 
ai'e  not  suflieient  to  demonstrate  the  full  value  of  Uu-  t[uarri<*s,  but 
they  indicate  that  large-sized  blocks  of  homogeneous  ston<'  can  jirob- 
ably  1k»  obtained.  The  localities  referred  to  ar<»  on  ea<*h  side  of  tlie 
river,  close  to  its  margin;  they  are  favorably  located  in  rt'fcrencr  to 
water  transportation,  and  it  is  safe  to  predict  that  this  b(»autiful 
granite  will  furnish  the  basis  for  an  <'Xtciisive  industry  in  tlie  jrt»ar 
futun\ 

A  somewhat  coarse-grained  diorite,  or  what  in  comnici-cial  circles 
would  be  termed  granite,  occurs  on  Mission  Creek,  where  it  cuts 
through  Craig  Mountain,  and  also  near  Kippcn.  Judging  from  the 
outcrop,  a  go(Hl  buihling  stone  might  be  obtained  at  these  localities 
should  a  demand  twcur  which  would  counterbalance'  the  dilliculties  of 
tran.sijortation. 

Diorite  similar  to  tlial  on  Mission  Creek  occurs  in  vast  (quantities  in 
Clearwater  Canyon,  from  nearOrofino  to  above  Kamiah,  and,  as  shown 
in  several  railroad  cuts,  an  unlimited  quantity  of  ex<*ellent  stone  for 
all  kinds  of  rougli  masonrv  can  easilv  be  obtained.  At  all  of  the 
localities  examined  the  rock  is  much  broken  by  joints  ajid  is  traversed 
by  veins,  so  that  uniform  blocks  of  large  size  could  not  econonucally 
be  quarried.  This  region  demands  cai^ef  ul  st  udy,  however,  for  the  con- 
ditions pertaining  to  transportation  arc  favorable,  and  rock  of  uniform 
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rkde  BUitiilili-  for  wn-liiUTtlinil  mill  miiriiiinfntjil  pnriKJSi-d  i<  likely  to 
3  (lwOijv(*r(,tl. 

Truograniti'  iBubunUnnt  in  llu-ctditni!  part  of  ihe  Bittprr<K>l  JIouu- 
tins,  biit  its  difltaiii'e  fnim  all  linvs  of  tmiiKptirlation  inakcs  i'  ni 
renent  of  uo  comtnert-ial  valai?. 

I,imi>st«ne  o<'fur8  in  great  quantities  on  the  borders  of  Snaki>  River, 
■ora  I  to  ij  miles  abo\-p  tlw"  month  of  (Iraiitle  Ronde  River,  and  nlso 
30Ut  S  miles  farttier  upstream.  The  value  of  this  8tniie  fur  iiiarUe 
IS  not  been  tested,  but  it  certainly  meriw  carefnl  study.  An  iumlr- 
H  of  an  nverasfe  sample  of  the  rock  is  given  in  the  fii-sl  colnimi  nf  ilie 
ibjoined  tabieof  analyses  of  limestone,  ffhiehshow.«  it  tolx-of  cxwp- 
otial  purity. 

r.iineslono  onlciiipn  beneath  Ihi-  Oolatiibia  River  lavn  mi  the  rigiil 
%nk  of  >fi8siun  Creek,  aliuiit  a  half  mile  abuve where  it  emergcMfmrn 
ledepjwr  porliiinof  it»i;aiiyi»ii  in  the  Craig  Muunl^iin  uplift. ami  ftlw 
I  a  Kuleh  about  1  mile  to  the  west.  Along  Mission  Creek,  foriulis- 
ime  of  approximately  !J<N)  feel,  the  linieslone  is  admirably  pkimwh! 
I  the  jji-eeipitons  canyon  wall  to  a  height  of  500  feet.  It  is  ingenirai 
liard,  Rrayish  blue  iftak,  ouutainini;  a  few  obscun-  fossils.  The 
rike  of  the  beds  is  N.  50°  E.  (uiiHtnetiu),  and  the  dip  is  ea.tt»ar>l  n' 
n  an|;le  of  from  80  to  85  de^rrees.  Formerly  it  was  bui-ned  in  kilnf, 
hioli  still  remain,  and  it  is  said  to  have  yielded  a  good  lime.  Thi* 
alneof  the  atone  as  marble  can  scareely  lie  judged  from  the  wetilherw] 
itfpop.'*,  but  itN  dark  color  wonid  iirobiibly  make  ihe  domiini)  for  it 
hbU,  even  if  on  ([uarrylug  it  is  found  sufficiently  masBive  lo  be  tali^n 
K  in  bineks  of  the  desired  size.     An  analysis  of  a  typinil  sampled' 

tilts  (■-"■k   Is  ].tv-rui.n]    i,i1li,.-iilu,,iii,.,l  l;iM.',\vllii-h>limv;.th;(1,liki'lV 

sirtiil;n'  Imih'>1i.ih-  in  Muk.^  lii\-.T  Canynn.  il  is  nf  -a.'..],!  i.iijjil  |iiii-;i\ 
and  will  iiiiik.-  an  .■x.'i'll.'iil  llnir,  and  il  is  all  llial  cniiM  I.,-  ,l,.sii>-il  ill 
the  prodnetioti  i^f  I'lirlhind  .■.■inciil  i-v  fur  usi>  in  lln-  iJiannl:i.'luriMif 
l)eet  sugar,  etL-, 

On  tin-  left  bank  of  Mission  Civek,  oppo.sili'  !hc  r.nlcn)!)  juM 
deseribed,  a  laiidsliile  has  bi-ouglit  dinvn  biisalt  from  above  and  i-uu- 
eealed  Ihe  linieslone  which  normally  slionhl  appear  Ihere.  Visilnrs 
to  Ihis  locality  will  no  doubt  be  inleivsted  in  iihservinjr  Ihe  niaimiTili 
which  the  lanrt.slide  has  canned  the  stream  to  be  turned  aside  from  a 
formerly  more  direct  ooui'se  and  made  lo  ent  iido  its  riglii  bank,  thus 
removing  some  of  the  debris  that  onee  concealed  a  ]iortion  of  ihi'limt- 
slone  and  making  it  more  available  for  quarrying.  The  surface  of 
the  fallen  mass  forms  an  irregular  ten-ace  at  an  elevation  of  altont  .W 
feet  above  the  stream.  The  surface  of  this  terrace  preseuls  a  -^ofH 
illustration,  on  a  small  scale,  of  landslide  toixigraphy. 

Limestone  occurs  also  at  Oroiino  and  at  Ihi-ee  or  fonr  loealitit-s  t>ii 
Orofino  Creek  within  the  first  mile  above  its  mouth,  as  well  as  on  llie 
southern  side  of  Clearwater  River  about  a  half  mile  below  Orofino. 
At  each  of  these  iocalities  the  well-defined  beds  are  associated  with 
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schist;  they  strike  about  north-south,  and  stand  nearly  vertical.  The 
limestone  has  been  metamorphosed,  and  is  now  mostly  a  coai*sely  crys- 
talline marble,  varjing  in  color  from  white  to  gray.  It  is  susceptible 
of  a  high  polish,  and  should  find  a  ready  market  for  building  and 
monumental  purposes,  provided  it  can  l>e  had  in  l>lock»  of  the*  desii'ed 
size.  It  is  favorably  situated  for  (juanying,  l>eing  close  to  the  North- 
em  Pacific  Railroad.  The  surface  is  considerably  shattei-eil,  but  is 
not  deeply  weathered.  Whether  it  is  sufficiently  massive  at  a  ino<l- 
erate  depth  below  the  surface  to  be  of  value,  can  only  be  determined 
by  trial.  A  samph^  of  the  nearly  white,  coai'se-grained  marble  from 
Orofino  has  been  analyzed,  with  the  results  shown  in  the  third  column 
of  the  following  table: 

Aiwlyaest  of  limestones  from  Nez  Perce  County,  hhiho. 
[W.  F.  Hillebraiid  and  Geor^**  8t«iK>*r,  aimlyHts.] 


Constituent. 


Snake  River 
Canyon. 


Mission 
Creek. 


( )rottno. 


Silica  (SiOs)  and  insoluble  materialfl  « . 


Iron,  manganese,  and  aluminum  oxides . 

CUciamoxido  (CaO) 

lUffnoiiium  oxide  (Mg:(>) 

Ckrbon  dioxide  ^COs),  calculated 

Oi^aDic  matter 


Gilciam  carbonate  (CaCOa)  h 

Hagnesium  carlK>nate  ( MgCOs)  h. 


Per  rvnt. 

O.lO 
AS.  34 

(».  10 
43.50 


I'rr  rviit. 

1.19 

^ Silica  -l.JiHt 
0.19 

r>4. ::» 

0.51 

43.511 

Strong  trace. 


0.31 


10).  14  ' 

H7.JW  I 
1.(17 

I 


/Vi"  ffnt. 

I  Silica  -.0.37) 

0. 12 

51.'Jti 

3.U> 

44.  U8 

Trace. 

«0.t»5 


ltt.71 
G.3S 


a  The  insoluble  portions  in  analyses  Nos.  3  and  3  contained  a  trace  of  titanium  oxide  (TiO»). 
b  The  amount  of  carlx>nat«s  calculated  are  a  trifle  too  high  if  the  silica  found  was  originally  in 
combination  with  some  of  the  dissolved  lime  and  map:nesin. 

'Hie  analj'sis  of  Snake  Kiver  limestoiu*  is  by  JSt(»iger;  tlie  othei^s 
are  by  Hillebraiid. 

The  limestones  fnmi  Snake  River  Canyon  and  Mission  C'rc^ek  are 
exceptionally  pure  and  are  suitable  for  use  in  the  inanufacture  of 
Portland  cement,  in  the  Ix^et-su^ar  industry,  etc.  The  limestone  at 
Orofino  evidently  would  make  a  good  lime  if  proi^erly  calcined,  but  it 
is  not  desirable  for  the  other  purposes  mentioned,  on  account  of  the 
magnesium  present.  There  are,  however,  several  beds  of  limestone 
near  Orofino,  a  careful  study  of  each  of  which  would  very  likely  reveal 
the  presence  of  material  as  rich  in  calcium  carbonate  and  as  free  from 
impurities  as  the  limestone  from  Mission  Creek  and  Snake  Kiver 
Canyon. 

Basalt  (lava)  is  everywhere  abundant  in  the  Xez  Perce  region  to 
the  west  of  the  foothills  of  the  Bitterroot  Mountains,  and  generally 
throughout  central  and  eastern  Washington  and  Oregon.  Its  somber 
color  makes  it  objectionable  for  most  architectural  purposes,  except  for 
the  foundations  of  buildings,  bridges,  etc.,  but  in  many  cities  similar 
rock  has  been  used  for  entire  buildings.    Its  chief  use  should  be  tor 
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■oad  uiatenal,  to  which  purpose  it  is  well  adapted.  It  is  hoped  that 
.he  time  will  soon  come  when  the  pour  roads  of  the  region  ooeupiedby 
he  Columhia  River  lava  will  be  improvett  by  macadamiziug  them. 

The  volcanic  dust  int^rbedded  with  the  Columbia  Hiver  lavit  on 
.^aptuin  John  and  Aaotin  creeks  has  be«u  u»ed  for  the  walls  of  a  tiHnk 
niilding  in  Lewiston,  and  has  the  advantage  of  being  easily  worted 
ind  of  a  desirable  color.  It  is  doubtful,  however,  whether  the  use  of 
his  stone  for  outside  waUs  should  lie  encouraged;  but  for  interior 
vails,  especially  of  fireproof  buildiugs,  it  has  decided  advaiiiages 
)ver  most  other  stones.  It  would  be  interesting  t«  experiment  with 
.bis  dust,  in  connection  with  Portland  cement,  in  the  manufacture  of 
irtifieinl  stone,  and  also  to  test  il«  desirability  as  an  ingredient  of 
"riction  soap.  The  liner  grades,  when  well  sifted,  make  a  good 
polishing  powder. 

Shtt«  of  a  pleading  reddish  color,  of  ewsy  cleavage,  and,  su  far  as  I'an 
JO  judged  from  natural  esijosures,  of  good  quality,  occurs  on  the  east- 
sm  side  of  Cottonwood  Butte,  and  is  well  located  for  quarrj-ing.  This 
uaterial  should  \>e  thoroughly  tested  as  soon  as  tmnsport.atJoH  fat'ili- 
iles  admit  of  its  being  put  on  the  market,  to  a&oertain  whether  sheets 
if  the  desired  size  can  be  obtained. 


In  the  sedimentary  beds  iuterstratified  with  the  Columbia  RivM 
ava  lignite  has  been  discovered  at  several  localities.  On  thesoutli- 
iVD  side  of  OlearwBter  River  a  half  mile  below  Orofino  openings  luive 
leen  made  in  tbc  side  of  the  cnnyon.  nn  the  farm  of  F.  M.  Holt,  at  iin 


f'hiil/ nuk  Iwloir  OrojiiK,. 


Talus,  from  slopes  above    .. 

iSHndstonL'.toarse. . .  .   _    

SUte,  tine,  sandy 

Lignite,  tvitli  branches  of  treea  _ . 

Sanilstone 

Li^iiite---  

Sftadatone 

Lignite  .__  

Sandatone,  bottom  not  seen 

TaluB  to  the  river  bank . 


The  lx;ds  are  well  expo.sed  iu  the  openings  that  have  been  made, 
one  of  them  being  a  tunnel  about  40  feet  in  length,  but  the  raateriwl 
is  part  of  a  series  of  landslides,  and  the  true  position  of  the  ligniii-' 
should  be  sought  about  501)  feet  higher  than  where  it  is  now  to  \k 
seen.  The  prospecting  tbat  has  been  done  serves  to  indicate  that  a 
bed  of  lignite  exists  beneath  the  neighboring  plateau,  but  there  is  no 


■omLL.]  LIOKITE.  128 

reason  for  doing  further  work  at  the  locality  where  openings  have 
already  been  made. 

Lignite  is  reported  to  occur  at  several  localities  on  Orofino  Creek 
(all  of  it  probably  belonging  to  approximately  the  same  l)ed),  within 
a  distance  of  several  miles  in  the  middle  portion  of  its  eoui'se.  The 
only  one  of  these  outcrops  that  was  examined  by  the  writer  is  situ- 
ated on  the  immediate  banks  and  in  the  bed  of  the  creek  alK>ut  15 
miles  above  its  mouth  (sec.  12,  T.  3*),  R.  4),  but  is  not  in  place.  As 
already  explained,  vast  numbei's  of  landslides  have  oceurre<l  on  each 
side  of  the  canyon  of  Orofino  CVeek  thn>ughout  its  entire  length  in 
the  Columbia  River  lava.  The  number  and  large  size  of  these  slides 
is  evidence  of  the  presence  of  a  thick  layer  of  soft  material  beneath 
the  upper  sheet  (or  sheets)  of  the  lava  which  forms  the  surface  of  the 
adjacent  plateaus.  On  the  left  bank  of  the  creek,  at  the  locality 
referred  to,  and  partially  submerged,  the  following  section  is  exposed, 
the  dip  being  south  at  an  angle  of  30  degrees  and  the  strike  al)Out 
east-west,  or  with  the  course  of  the  stream: 

Sectimi.  oil  Orofino  Creek  about  15  miles  above  vioiith. 

Inches. 

Sandstone,  gray,  with  fossil  leaves 12. 0 

Lignite 20.0 

Clay  i)arting 2. 5 

Sandstone,  base  not  exposed 6. 0 

These  outcrops  can  be  followed  along  the  bank  of  the  creek  and  in 
its  bottom  for  a  distance  of  00  to  70  feet.  Near  the  upstream  end  of 
this  natural  exposure,  on  the  north  side  of  the  creek  and  at  the 
water's  edge  during  low- water  stages,  a  j)rospect  shaft  about  15  feet 
deep  has  been  oi)eiied.  In  this  shaft  the  strata  where  first  met, 
beneath  a  foot  or  two  of  surface  debris,  are  nearly  vertical,  but  Ir^ow 
they  dip  northward  and  soon  flatten,  until  the  inclination  is  about  50 
degrees.  The  lignite  is  27  inches  thick,  and  has  fine  micaceous  elay 
on  its  southern  side  and  a  coarse  sandstone  on  its  northern  side. 
The  lignite-bearing  formation  on  tlie  two  sides  of  tlio  creek  is  a  X)or- 
tion  of  a  sharp  upward  fold  or  anticline,  whicli  is  broken  along  its 
erest,  where  the  creek  now  flows.  This  fold  is  obviously  due  to  the 
weight  of  the  landslides  on  eacli  side,  and  is  not  a  structural  feature 
of  the  beds  in  place. 

The  true  position  of  the  lignite  in  the  canyon  walls  is  not  known, 
but  should  be  looked  for  at  an  elevation  of  between  400  and  (UM)  feet 
above  the  crtK^k.  The  lignite-bearing  rocks  no  doubt  underlie  a  wide 
extent  of  the  adjacent  plateaus. 

The  most  satisfactory  way  in  which  to  prospect  for  the  lignite  would 
be  to  put  down  drill  holes  on  the  plateaus,  where  the  fornuitions  are 
undisturbed,  unless  a  locality  can  be  found  along  the  borders  of 
Orofino  Canyon  or  its  branches  where  the  all-prevailing  talus  and  dis- 
placed masses  leave  the  sedimentary  bed&  ex']^^^. 
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I  Lignite  ia  ivport*<i  to  occur  at  several  localities  in  the  lied  of  Ore 
Sreek  above  the  exposure  just  ileacribeti.  It  is  donljtful,  howK 
ihAether  aiiy  uf  thi>»e  outcrops  are  in  plac*?,  littt  they  sboald  iadi 
^e  valne  of  the  ilflpositH  beneath  the  adjacent  plat«aaB.  It  is 
Sported  to  exist  at  neveral  phices  in  Little  CanyoQ,  lo  the  soiit 
!>pofino.  One  of  these  outcrops,  near  Knssel,  which  wa»  ex»niiui<i 
:he  writer,  is  at  the  botloiu  of  the  canyon,  which  there  is  800 
ieep  and  has  precipitous  walls  composed  of  horizoiiUilly  bedded 
ibeebH.  Throughout  the  portion  of  the  canyon  seen  there  is  a  not 
B)Sencfl  of  couspicuuns  landslides,  from  which  fact,  and  from 
Kbnndant  exposures  of  ttie  edges  of  lava  sheets,  it  is  Xo  be  infe 
:hat  sedimentary  ImhIs  at  a  higher  level  than  those  in  the  l)ott«i 
;he  canyon,  described  below,  are  either  absent  or  are  of  small  th 
ae»8.  On  oach  side  uf  the  canyon  at  the  locality  referred  to  i 
Bussel,  where  a  lateral  canyon  joins  it  from  the  eastward,  and  on 
Innler  of  the  tributary  brook,  the  following  section  was  exposed  1 
eoeiit  excavation: 

Section  i»  Little  Canyon,  near  Rii»»el,  Idalui, 

Tains,  fallen  from  above 75.0 

Carbon aceoQs  shale,  apparontly  altered  by  heat 41.0 

Parting  of  white  laminated  sbale  composed  !n  put  of  vol- 
canic dnat - ...  .-- --.  1.0 

Black  oHTbonoceotie  shale 3.5 

White  "shale"     -.- i.s 

Black  carbonaceous  shale fi. " 

White  laminated  shale' 10.0 

Coarse  sandstone  with  fraKinents  of  shale,  hane  not  exposed  :!0. 0 

Total,  abonl..   _._         f.-et         14.5 

The  carbonaceous  shale  reported  in  the  sertiun,  alilimiirh  prolw 
mistaken  for  lignite,  or  '■cml,"  by  tlic  parlies  who  prospected  i 
much  too  earthy  to  pass  for  tlint  nialcrial,  jinil  is  probiilily  (il 
economic  value.  Althougli  no  lignile  wiis  seen  by  ihi-  writer, 
none  lias  certainly  been  discovcivii  in  Little  (.);inyon,  ilic  pivsi'tu 
carbonaceoTis  shale,  «anilstoni%  et<'. ,  ;it  iilioiit.  the  liorizon  at  whii-l 
lignite  near  Onjfino  probably  beloufis,  is  siillicient  encoura^eniei 
warrant  tlie  sinking  of  a  prospecting  shaft  at  the  locality  descri 
Equally  favonilile  sit«s  for  ])rospiTting  no  ilonbt  occur  at  otiier  pi 
in  Little  Canyon,  and  pi-obably  also  in  jJiij  Canyon.  In  making 
a  test  as  suggested,  the  talus  should  be  deari'd  awjiy  I'l-oiu  the  \m 
the  cliffs,  so  as  U>  expose  the  contact  nt  the  sediuieutai-y  beds  witl 
basaltabovc.  ami  a  shaft  be  sunk  at  a  loi^ality  wiici'e  it  \v..iild  u. 

'Tile  p©<-iillar.  evetilj- lamiuntml  wliitt;  "aluili''  is  .i>uiiiose<l  iu  iiart^it  volinm.- dust. 
croBseil  l>r  irrc^nlAi 
Bbly  on™  n  »(t  imn 
d^br}9-ll]le<l  flfsurea 
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flooded  (Uiriug  high  water.  The  shaft  should  be  contiiiiied  throuj^h 
the  sediineutaiy  beils  and  at  least  a  few  feet  iuto  the  basiilt  b(*iu*atli. 
Asiugle  shaft,  however,  would  not  be  sufficient  to  determine  the  value 
of  the  field  over  a  large  area,  as  it  is  possible  that  the  lignite  o<rcurs 
in  more  or  less  detached  lenticular  bodies,  each  oni?  repn^senting  tlio 
vegetable  matter  accumulated  in  an  old  swamp. 

Lignite  is  reported  to  occur  at  a  few  otlier  localities  in  the  hiva- 
covered  portion  of  Nez  Perce  County,  as,  for  example,  on  Captain 
John  Creek;  but  these  places  wei*e  not  visited  during  the  ivconnais- 
sance.  It  has  also  been  discovered  on  the  southern  side  of  the  lihie 
Hills  in  Washington — on  the  slopes  leading  down  to  (Grande  lionde 
River,  about  20  miles  from  the  mouth  of  that  river.  The  o^wnings  in 
lignite  which  have  been  made  are  on  S.  V.  McNeil's  land  and  neigh- 
boring ranches,  but  other  outcrops  are  said  to  (K*(»ur  on  each  sidf*  of 
the  canyon  in  this  region  throughout  a  distance  of  several  miles. 
The  northern  side  of  the  canyon,  as  already  describtMl,  is  encumbcrc<l 
with  landslides,  and  a  very  large  part  of  the  secondary  topographic 
features  are  due  to  this  cause.  The  marked  prevalence  of  landslides 
and  the  large  size  of  some  of  the  displaced  rock  masses  arc  strong 
evidence  of  the  presence  of  thick  layers  of  soft  material  between  the 
conspicuous  lava  sheets.  The  indications  of  the  presence  of  se<li- 
mentary  beds  which  are  furnished  by  the  tojwgraphy  are  confirmed 
by  known  outcrops  of  .sandstone,  lignite,  clay,  volcanic  dust,  etc.  All 
of  the  exposures  of  lignite  observed  by  the  wnter  are  on  or  near 
Mr.  McNeil's  ranch.  At  one  locality'  a  tunnel  about  125  fe(»t  long 
^  been  excavated,  all  of  it  in  lignite.  Near  the  inner  end  of 
this  tunnel  a  thickness  of  0  feet  of  lignite,  practically  without  part- 
mgs,  was  measured,  but  neither  its  upper  nor  lower  surface  was 
-Xposed.*  Well  within  the  tunnel  the  dip  is  northward  at  an  antrle 
>f  2  to  2^  degrees.     In  another  excavation,  about  i3  miles  east  of  \\u^  one 

• 

lUst  referred  to,  a  thickness  of  HJ  feet  of  lignite  is  reported  to  occur, 
ind  there  seems  no  reason  to  doubt  the  accuraey  of  tlic  observation. 
All  of  the  fiicts  learned  by  the  writer  pertaining  to  the  lignite  in  tiie 
^nyon  of  (rrande  Konde  River  are  in  harmony  witli  the  idea  that  the 
)penings  thus  far  made  in  itare  in  landslides,  andtliat  th(»true])osition 
)f  the  beds,  or  where  they  occur  in  phice,  is  200  or  :5oo  feet  beh>w  the 
innimit  of  the  canyon  walls.  From  tlie  facts  in  hand  it  soems  evident 
hat  the  thickness  of  the  lignite  where  openings  have  been  made  in  it 
s  abnormal  and  does  not  represent  the  thickness  that  will  be  Iouu<l 
rhere  the  be<ls  are  discov<M*ed  in  place.  As  is  well  known,  a  mass  of 
ock  descending  in  a  landslide  accumulates  material  Ix'ueath  it,  along 
ts  lower  margin,  and  on  coming  to  rest  almost  invariably  has  a  back- 


*  The  writer  haH  >M?en  informed  by  Mr.  E.  W.  Barnen,  of  Portland,  On*Rou,  mulur  duto  of  January 
1901,  that  ttiucc  the  visit  to  the  tunnel  duriutf  the  rocunnaisMamie  it  haii  l>een  ostendtrd  about 
(feet,  and  a  winzo  has  Xtocn  sunk  at  its  end  to  a  depth  of  A\  feet  from  the  roof  of  the  tunnel. all 
» lignite,  with  the  exception  of  a  few  thin  partinfi;:!.  The  writer  understands,  however,  that 
Ten  theee  recent  excavations  failed  to  reveid  the  full  thlckneaa  ot  thA  Vi^tA. 
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Ikrcl  rlip,  or  is  inclined  downwanl  t«w«rd  thecHfF  from  whinh  it  broke 
b^ay.  Ill  the  tunnpl  referred  to  the  dtp  in  northward,  bnl  the  down- 
rarrt  inclination  of  the  rocks  in  place  in  that  region  shonld  be  soath- 
rartl.  as  previously  explained.  The  lignite  and  its  aceompimyinft 
>ed«  of  sedimentarj-  mnlerial  and  voloanic  dust  apjiear  to  have  !v»eii 
beared  and  overthmat,  owine  to  the  weight  and  motion  of  (he 
Hng  basalt,  which  descended  with  them.  For  thia  reason  they  exhibit 
^roat«r  thickness  than  should  1k>  aMsi^ed  t-o  th<>in  in  rati  mat  log 
beir  commercial  value, 
[■While  the  bo<liefi  of  lignite  in  some  of  the  landslides  are  no  doubt 
fBufficient  size  to  be  of  value,  no  great  areas  are  to  be  expected, 
pie  pi-esent  excavations  are  sufficient  to  demonstrate  the  qnaliiy  of 
pe  material  so  far  as  the  beds  exposed  are  concerned,  and  if  this  is 
nnnd  to  be  aalisfactorj^,  future  prospecting,  witlt  the  ^'iew  lo  dis- 
nverJng  the  1>ed.'i  in  phice,  is  justitlalilu.' 

riThe  dtsooverj-  of  the  lignite  Iti  place  should  not  be  a  difficnlt  mai- 
V.  Aftfr  traveling  over  the  slopes  where  landslides  are  prei'aleut, 
■kd  Ijecoming  familiar  with  the  characteristic  features  in  the  relief 
poduced  by  them,  a  wide-reaching  view  of  the  canyon  walls,  such  iW 
Bit  1>c>  obtjiined  from  almost  any  eminence  in  the  region,  will  eiiatile 
pie  to  determine  the  localities  whei-e  the  rociis  are  still  in  place.  These 
Sreas  will  nsually  lie  found  to  lie  l)ounded  by  cliffs  from  which  land- 
ndes  have  fallen,  and  the  removal  from  the  bases  of  these  cMsii 
be  all-prevailing  surface  debris  should  reveal  the  sedimentary  beiis 
ferrying  the  lignite.     A  shaft  sunk  at  the  margin  of  such  an  escjirp- 

m.-r,t  sIli.uIiI    l.r  ,-n[ii,-i]    dowr,  1.,    (I„.  ii,-.\l    >li^^l  ,.r    \,-.iy.„U,  iiiiil  w..uU 

i-eveal  siicli  lignite  beds  na  may  lie  present.  The  test  shonld  not  1* 
abandrtne<l  in  case  a  lignite  seam  is  found  which  is  ton  tliiii  In  If 
worked  to  advantage,  for  olher  seams  may  uccnr  below  il.  The 
lignite  layei-s  no  donlit  vary  in  thickness  from  place  to  plarc,  a«<l ;' 
thin  seam  discovered  in  one  shaft  may  be  found  lo  thicken  a(  a  neiirh- 
iKtring  locality.     Probably  the  localities  where  the  lignite  can  most 

I  Mr.  E.  W.  BurnpB,  tit  Portl»ini,  Orecon,  hia  klmlly  ftirnlBliecl  ilic  tnUcitrinir  ,'iiiiilysi>s  of  "iim' 
plps  or  lipiite  from  t  be  locality  dewribeei,  vrhicb  irere  collw-t.-tl  i>j-  hiuiwlf.  Tli.>  niialr«*  "*» 
mnde  nt  tlm  Motitiinn  JIpiHlliirBloiil  Wiirks.  P«rllainl.  Orpgnn.  .1.  T,  (iov,..  nianac'r. 
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isily  be  found  in  place  are  in  the  cliffs  on  the  south  si<le  of  the  river, 
X)  or  3(K)  feet  l>elow  their  summits;  but  a  mine  ih^veloped  tlien*  will 
ftve  to  follow  a  seam  which  is  dipping  southward,  or  away  from  the 
lonth  of  a  tunnel  l>egrun  at  the  outcrop,  and  in  ^eiH»ral  wouhl  be  more 
ifficult  to  drain  than  a  mine  on  the  north  side  of  th<»  river,  whero  the 
ip  would  favor  Iwth  drainage  and  tlie  removal  of  tlie  lignitt^  The 
lost  favorable  location  on  the  south  side  of  the  river  would  ]>e  near 
lie  head  of  a  lateral  canyon,  for  at  such  a  locality  a  tunnel  could  Iw 
nn  approximately  parallel  with  the  strike  of  the  IkmIs,  thus  insuring 
rainage  for  lateral  tunnels  which  might  be  <lirected  upth<»  slojx*. 
In  most  instances  the  lignite  retains  its  woo<ly  structure,  and  looks 
erj'  like  the  wood  derived  from  modern  peat  swamps.  Its  color  is 
>lack  when  wet,  and  excex>t  when  composed  largely  of  trunks  and 
tranches  of  trees  is  nearly  black  when  dry.  It  exfoliates  and  crum- 
bles rapidly  when  exposed  to  the  air.  The  wocxly  portions  when  dry 
lavo  a  ricli  brown  color  and  clearly  show  their  structure.  It  can  not 
K  termeil  coal,  and  is  apparently  a  rather  iK)or  iiuality  of  lignite. 
Hies**  statements  apply  to  the  lignite,  so  far  as  the  writer  has  seen  it, 
it  all  of  the  openings  made  in  it  in  the  Nez  Perce  region,  except  the 
>neon  Orofino  Creek,  where  kernels  and  irregular  masses,  an  inch  or 
norp  across,  of  yellow  resin  but  little  altei"e<l  from  its  original  con<li- 
ion  are  conspicuous  in  cert-ain  jwrtions  of  the  deposit.  Snuill  speci- 
aens  of  lignite  "float,"  said  to  have  lx»en  found  in  the  canyon  of  the 
forth  Fork  of  Clearwater  River  in  the  vicinity  of  Elk  Creek,  and 
'ther  similar  fragments  from  Orofino  Creek  are  jet  black  in  coloi-,  and 
vidently  are  of  much  better  quality  than  any  of  the  material  thus 
ar  obtained  at  the  localities  described. 

GOLD,  SILVER.  AND  COPPER. 

To  the  reafler  who  is  not  familiar  with  tho  mineral  resources  of  the 
>z  Perce  regi(m  it  may  be  of  interest  to  l<»arn  thai  the  crystalline 
)cks  of  older  date  than  the  C-olumbia  River  lava  are  quite  gen<*i'ally 
'e  l>earing.  These  rocks  in  many  instances  are  metamorphi*-  in  <'har- 
:*ter;  that  is,  they  consi.st  of  (Mther  sedimentary  or  igneous  nintcM-ial 
lat  has  been  greatly  alt eretl  by  heat  and  ])ressure  and  by  movements 
hich  hav(»  cause<l  it  to  become  sheared  and  assume  a  schistose  struc- 
ire.  r><*sides  these  changes  then*  have  b(*en  gn»at  intrusions  of  mol- 
n  magmas,  either  into  fissures,  as  in  the  formation  of  the  numerous 
kes,  or  of  a  regional  character,  as  the  intrusion  of  granite,  diorite, 
c,  into  the  (»artirs  crust  from  great  depths  b«»lo\v  the  surface, 
"here  either  the  metamorphic  or  plutonic  rocks  are  exposed  at  the 
irfac(»  it  is  manifest  there  has  ])een  deep  erosion.  The  lhickn<»ss  of 
K?k  removed  has  not  been  measured,  but  nmy  safely  be  estimaied  at 
'veral  thousand  feet.  The  rocks  which  once  were  deeply  buried  are 
equently  traversed  bj' veins  in  which  more  or  less  metallic  material. 


hsB 
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ill  tile  fiji-ui  of  fii-e  tfold  or  uf  orett  of  silver,  fopjHJi-,  alv.,  Iibb  lit«i 
(iepusited  fntiu  ihv  hi-uted  watera  wliicli  peroulated  througli  them, 

III  guiivml  tliu  ritukM  itxjtowx]  beneatli  tlie  ColnmbiM  Rivor  Iuvh 
tlio  eanyous  of  Siiitkc,  Siilmou,  aud  Clearwater  rivers  am  sucli  as 
luokt*<:{  to  fur  ilepoKlM  of  gold,  Hilver,  copper,  aud  iimiiy  other  orw  i 
minerals.  The  pn-diction  wliich  a  geolr^st  would  Ijo  led  U)  iiiaki,'  frta 
the  geiiemi  character  of  these  i-ocks  is  that  they  will  bo  found  to  cun- 
tAin  the  precioufj  metala,  wliich  is  verifie<l  by  tbe<liseoveryof  goldanJ 
of  ui-es  of  silver  and  i.-opper  in  what  are  reported  to  l>o  rich  depoeili 
Several  t:olil  mlues  are  Imhiif;  worked  to  the  east  of  the  margin  of 
Columbia  Klver  lava,  aud  hundreds  of  promising  pro»]>ecU> 
reporliHl  in  the  satiie  rugge*!  country.  The  most  pnxluclivu  goM- 
bearing  imartz  niiues  iu  the  ivgioii  Bhowu  on  the  map  furmiu^  PI.  U 
ore  in  its  uonlieastern  portiou,  in  the  Mascot  lliUa;  but  similitriwit- 
ditiuiia  exisl  as  f»r  south  as  Mouut  Iduhii.  Just  wbitl  the  future ol 
tht-iie  gold  mini's  will  be  no  one  can  toll,  but  the  superlicial  vsa 
tiim  which  the  writer  was  enabled  to  make  failed  to  indicate  grcM 
posnibilitieH.  The  rocks  contain  numei-ous  small  gash  vwins,  ci 
lug  uf  quartz  which  has  lieeu  deposited  from  solution  and  containing 
mineral  matter  derived  from  the  adjacent  country  rock;  buttheydi'l 
not  i-evcfti  the  presence  of  any  true  lodes  or  tissni-e  vein.s.  The  small 
veiiis  are  frequently  rich  and  serve  to  stimulate  prosjiecting,  but  tbs 
ehanees  of  discovering  a  bonanza  are  meager. 

The  great  amount  of  erosion  referred  to,  which  hoe  led  to  tlw 
exposure  of  the  veiu-bearing  rocks  now  occupying  the  snrface,  wti 
iU-romplislu-d  hy  ihi-  iTillubliiiij:  and  dr-My  of  ;t  vuM  jtiii.miU  •<(  m.t 
siniiliir  ti.  thiiMinw  in  si^hl.  Tin- rniinvai  nf  liiis  malenal  hy>l!v;im! 
n.-Miill.'i|  ill  its  being  lissortcd,  llie  ^.'olil  wliirli  il  .■unlaini-il  iH'injroou- 
cfiitralrd  on  their  beiie.  In  ihis  iniiuu.T  tiir  b.itn.ins  of  ali  of  ihe 
strciiniM  liowing  away  fi-uin  tlie  iiiuiintaiiLs  «(  'ilil  I'lyslallinc  rwli 
became  charged  with  alluvial  or  plarer  gold,  (iuid  is  now  obtjiiTn^l 
by  washing  the  gravel  along  Muake,  .Salmon,  aud  (.'learwatei*  ri 
and  tho  total  amxiint  collwtcl  each  year  i.-s  i^-uosid.rabic.  Tlit-  p)Vi 
along  the  main  streams  and  in  ilie  gravel  fonninjr  their  abiiMdnii'M 
flood  pbiins  is  nearly  all  line,  so  line,  in  fact,  thai  in  iimst  instaiii'.'s 
a  p(n-tion  only  i.f  it  t-aii  iie  saved  by  any  known  iiiethnd  uf  pla.-er 
mining.  AUuig  some  of  the  smaller  s1  reams  tributary  tu  (.'Ifarwaii-r 
River  rich  placers  of  --oarse  gold  have  been  .iiscovcml,  Tliv  riioM 
pi-odnclive  1.!'  ihesc  are  .just  iil>iivc  the  margin  <if  the  Coluuihia  Kiv^t 
lava:  but  they  have  new  been  worked  out  and  abandoned,  Hit-b 
cojipi'i'  tires  lire  obTained  in  tlie  side  of  the  canvnn  of  Snake  River 
abi.vr  tile  nmiitli  uf  (irande  Rumle  River,  and  important  devi'lopmeiits 
in  that.  Held  are  l<.  be  exported. 

Tu  the  reader  who  has  labored  for  years  with  pick  ami  shi.ve)  iu 
st.-arehing  for  treasures  in  ihe  Nez  IVive  region  the  wrilei'  has  l.n; 
one  suggestion    to  oHVv.     h\   a  precedinji  paragrai>h   attention   iva- 
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to  the  well-knowii  process  by  which  rocks  are  disintegrated 
gold  which  they  contain  is  concentrated  in  stream  l)eds. 
pn)cess  was  in  action  long  before  the  coining  to  the  surface 
!7olumbia  River  lava,  it  is  evident  that  the  stream  channels 
the  lava  should  contain  gold.  The  exceedingly  rich  placers  on 
id,  and  other  creeks  on  the  border  of  the  Mascot  Hills  occurred 
es  just  above  the  margin  of  the  lava,  and  but  little  gold  has 
ained  from  above  the  lava  itself.  One  reason  for  this  is  that 
Eims  from  the  uplands  of  ohl  crystallini^  rock  exiK»rience  a 
change  in  gi*adient  on  meeting  the  level  lava  shet*ts,  being 
the  older  x)oi'tions  of  their  channels  and  sluggish  where  they 
3SS  the  lava  to  the  head  of  a  canyon  cut  in  it.  Under  these 
ns  the  greater  iwition  of  the  gold — in  fact,  all  except  possibly 
nest  flakes — brought  down  by  the  streams  from  their  swifter 
mrses  would  l>e  deposited  where  the  change  in  gradient  occui's. 
streams  were  carrying  gold  lK>fore  the  lava  interrux)ted  their 
d  the  portions  of  their  l)eds  beneath  the  lava  should  con- 
yellow  metal.  These  old  channels  should  be  si*arehed  for. 
ly  not  be  directly  beneath  the  present  streams,  but  may  open 
canyons  cut  in  the  lava  from  the  side,  and  possibly  he  a  mile 
elow  where  a  stream  makes  its  plunge  into  the  canycmed  por- 
its  course.  The  sides  of  the  canyons  are  encumbered  with 
d  landslides,  but  excavations  made  where  this  material  is  thin 
reveal  the  buried  gravel,  which  might  repay  washing,  and 
opened  in  it  and  beneath  the  lava  covering  would  affoixl 
f  getting  rid  of  the  debris,  so  that  the  deposits  on  the  surface 
3  worked.  The  possibilities  of  finding  gold-bearing  gravel 
the  Columbia  River  lava  or  interbeiided  with  it  are  such  that 
act  of  the  lava  with  the  underlying  formations  exposed  along 
)almon,  and  Clearwater  rivers  should  be  carefully  searched. 
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APPENDIX  A. 


ELEVATIONS  IN  NBZ  PERCE  REGION. 

The  fnllowiiij-  ck-viiiidtiM  arc  from  siirvcjR  tniiiU'  l»,v  the  Xortb 
Paclfli-  Rnilwny  Couiiinii.v.  anil  Imvit  l>wii  riimislu-d  by  Mr.  E, 
Mflli'iiry,  vhM  i-iigini't-r.  In  wk'Ii  onsf  iIm-.v  wen?  Inketi  cither  Jil 
Uip  or  IIk'  Ik'  (ijiposit*'  I  lie  wnlop  vf  the  ilpfKit,  i»r.  whi'i-c  depots  hi 
not  l>ep»  foiisl rTict*'<i,  n\  tlio  center  nF  siding,  hiiiI  arc  from  pro 
elevatitms  rcdiiccil  tn  sen  level: 

Klntilintm  hg  Northern  Pof-fflc  RaUwau  Company. 

Agatha  (aidit  tmok) 908.0 

Absahka  i  aide  track) -- I.OOS.n 

Basalt  [si'le  track) 855.B 

Caldwdl*  spur -  1.365.8 

CiildeSaoapnr _ 1,818.8 

Jallavfta  idvpot) I,OM.O 

KaioUh  (depot) 1.197.B 

Kooakin  (side  track) I.iM3.0 

Leuore  idopot) 038.0 

LewUton  (depot)  -  .-- 789.8 

Nortli  Lapwai  (depot) fi^.t 

< >ro!iiio  I deiiol  > 1 . iiJ*. c 

Potliitch  idoiiot; ■■0.1.0 

Stiles  I si.le  track  1 i,:!-;i.Vii 

SweetwnttT  idf'pot  i  _ _  _  1.  Uk'.i' 

Weiii|ie  (Slide  track  i i.ii-^-.  •■ 


oU.i' 


To].  of  Stntp  line  tiioiiuiuent  on  nortli  bnnk  of  fienrwatt'r 

River,  .it  its  luoall!,  near  LewiBlon.  7' 

Higli-wnter  mark  at  junction  of  Snake  iiml  Grande  lloiide 

Hifjli -water  mnrli  on  Snnke  River  nt  bnuiidiiry  between 

Ori'uroTi  and  Washington !<• 

Higli-water   mark   at   jnuctiuu   of  Snake   and   Snlnion 

High -water  mark  at  Douglaa.  57  miles  above  Lewiston. .   1 ,  HI 
N'OTR.-  Till'  t-levntion!i  f^ivt'ii  in  Ibc  boily  ot  tills  r?|i<irt  nro  fruiu  imcrfiid  mt'ii^ui 
timply  HI' approxIoMtioaa  to  the  mtv»»lliB\8tWoIl.^B\o<:aW*.\»»»i»iiUiHMd. 


APPENDIX  li. 


NOTES  CONCERNING  PORTLAND  CEMENT. 

Portlaiul  cement  i.s  an  artificially  prepared  substance  whioh  lias  the 
•roperty  of  hardeninjr  in  the  air  when  mixed  with  a  suitabh*  i)r()por- 
ion  of  water,  and  of  remaining  hard  wIk'u  immeiscd  in  wator.  Its 
'alup  lies  in  the  fad  tliat  when  used  in  masonry  it  produ<*es  a  strong 
.>ond  which  does  not  weaken  wlien  sul)merge<l  in  wat(»r  or  cxpos<Ml  to 
i  damp  atmosphere.  In  its  manufacture  an  intimate  mechanical 
mixture  of  jfinely  x>ulverized  limestone,  or  marl,  and  clay  is  ''burned "' 
at  a  high  temperature,  and  the  resulting  ''clinker"  is  groun<l  to  a 
fine  powder.  The  finished  cement  does  not  ne(M»ssarily  hav<»  a  fixed 
and  definite  composition,  but  ccmsiderabU*  variation  may  occur  and 
an  excellent  product  still  be  obtained.  Tiie  <legree  of  variation  in 
compositiou  usually  considertMl  allowable  is  indicated  in  the  first 
column  of  the  subjoined  table.  As  is  shown  by  the  permissible  vari- 
ation in  its  finished  product,  there  is  considei'able  latitude  allowable  in 
Selecting  the  raw  material;  buttiie  limestone  and  clay  need  to  sup- 
plement each  other,  so  that  when  mixed  in  the  proper  propt)rtions  the 
J^sulting  "slurry,"  as  such  a  mixture  is  termed  befoi-e  being  burned, 
^ill  not  vary  in  chemical  c(miposition  beyond  the  approximate  limits 
^Udicat4?d  in  the  second  column  of  the  following  table: 

Analyses  ahoirivg  2f€nni»8U)k  variations  in  the  Cinnposition  nf  J  *t  n't  land  rrmcnt 

and  in  the  iflurry  from  tchivh  it  is  madc.^ 

PermiSKiiblo  variation. 

I'erroit.  J\r  n-nt. 

Silica  rSIOi) 20     to24  l-'.tV»<tor..22 

lUuminaCAlaOs,) i\    to !»  :j.}<ot«>  «.:u 

Ferric  oride  (Fe-Oa) »     to  5  l.H»>to3.i; 

>lcium  ozldt*  (CaO) 0<»     to  oi      ,     ;K<Hto4().rkS 

Mafcneaium  oxide  (MifO) 1     to  ;j.:>  (».rw-)to  2.2:» 

Soljihuric  anhydride  (SOj) n.nto  O.T  O.:i5to   l.:»5 


^ 


In  the  following  table  analyses  are  pi'csentedof  the  limestone,  marl, 
•lay,  and  shale  used  in  the   manufactun*  of  some  of  the  standard 


>  The  writer  is  indebted  to  Prof.  E.  D.  Campbell,  of  the  UniTersity  of  Michigan,  for  the  data 
terewith  preiented. 
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brands  of  Portland  cement,  or  that  have  f iiruished  satisfaelovy  reanlW! 
in  the  making  of  small  samples  of  cement  in  the  laboratory: 


Analynfii  of  rate  materials  imtd 

Ill  makiiuj  Portlaml  evTnent. 

LlawBUuic. 

Marl.          1          Clar- 

su 

Firri.lptr  cl 

ftr,r 

«^\""«:w 

Prrel. 

£.40 

l.TJ 

ftrrf.;IVr* 

^^^^:eee 

'H  iEiJl 

aw 

La 

i 

«";S 

W.30 1  luo.un 

100.11(1 

VMM  1    W.TI 

118,  If  '     BS.« 

er.aa    «.» 

<e.ss 

1.M 

1 

.,-,... 

_-4..._^ 

_..-. 

I 


The  foregoing  analyses  iudicaU.-  the  range  iu  chemical  composi- 
tion which  limestone  (or  marl)  and  clay  (or  shale)  t^hould  have  to  be 
worth  further  investtgatioii  in  reference  to  their  use  in  the  mumifac- 
tui-e  (if  Portland  cement.  A  studj"  of  these  data  \vill  show  thai  ihc 
material  to  be  used  must  bo  as  free  kh  possible  from  sulphur,  thu 
greatest  amount  of  sulphuric  anhydride  (SO,)  permissible  in  the  slurry 
Iwiug  about  1  percent,  but,  preferably,  it  should  be  below  0.5  perwiit, 
and  the  magnesia  also  should  be  low,  the  greatest  amount  permis-siWe 
under  jireseut  Amerieau  practice  being  about  3.5  per  i-ent,  althoiigli 
its  iuSuenco  on  the  properties  of  Lhe  fiitiahed  cemeut  is  still  urnlei 
iuvestifrntiou.     (Pyckerhoff,  an  eminent  (.TPrmiui  authority  on  Porl- 

sulisUioces  thai  frL'qui'utly  are  ]iri-scm  in  Ilic  iii;ilt'ri;ils  luuuiUJiitil 
have  iu  general  but  litlle  deleterious  iuHuence.  and  )iiiiy  lie  I'liusiiicn'il 
adulterants.  A  general  rule  is  that  the  sum  of  the  ferric  oxide  iiml 
alumina  in  the  slurry  sh;ill  be  sibout  one-third  of  the  nmiiun  of  silifn 
present. 

In  addition  III  Ihv  eliciLiieal  i-iiLU]Ki>inini  nf  Hie  raw  iiiaU-rial- il  i- 
desirable  that  they  shall  have  rerlain  physical  projiei't  ies.  I'liinl 
among  these  there  should  be  an  absence  of  sand,  for  the  rcji:sijii  Hw. 
if  the  silica  is  in  the  form  of  ijuarlz  grains  or  kernels  it  will  not  uiiil^ 
with  the  lime  iu  the  desired  manuer  when  the  slurry  is  burned;  ami 
the  silica  should  be  '.■omhiiiid  ftilica,  as,  for  exantplc.  ihc  aluuiiniim 
silieate  of  clay.  Both  the  limestone  and  the  clay  slmuld  be  of  sucli 
consistency  that  they  may  readily  be  reduced  to  a  fine  pow-der.  Tlic 
ideal  lime  ingredient  is  a  soft,  incoherent,  fine  marl,  but  if  a  limesiimi' 
is  used  it  is  desirable  that  it  be  soft,  so  that  the  expense  of  grindius 
it  to  a  fine  powder  may  be  reduced  to  a  minimum.  Still  certain  hani 
limestones  are  used,  and  the  only  objection  to  them,  in  case  they  have 
the  requisite  chemical  composition,  is  the  expense  of  grinding.  The 
most  desirable  clay  is  one  free  from  sand,  which,  when  agitated  in 
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water,  will  i-ea<lily  separate  into  fine  particles.  The  best  elays  for 
this  piirix)se  ai'e  those  having  a  jjreasy,  unctions  fe<^l,  and  which 
are  smooth  lo  the  touch.  Hardened  clay  or  shal<»  is  also  uscmI,  hut  it 
has  to  Im*  ground  l>efore  IxMnjj  mixed  with  tin*,  lime  to  form  slurry.  It 
is  highly  desirable  that  the  deposits  both  of  lime  an<l  <'lay  Im'  of  uni- 
form chemical  and  mechanical  comi>ositioii  throughout,  in  ord(»r  to 
avoid  trouble  in  combining  them  in  tin*  correct  proportions. 

Ill  addition  to  the  raw  nmterials  whi<*h  enter  dir(»<'tly  into  the  ('om- 
positioii  of  Portland  (cement,  fuel  is  necessary  for  burning  them.  For 
this  purjKJse,  in  the  rotary  kilns  now  gent^rally  used  in  this  country, 
4  |Ws,  petroleum,  or  pulverized  coal  is  used.  If  coal  is  employed,  it 
should  b(*  high  in  volatile  matter,  five  or  nearly  free  from  sulphur, 
Hml  low  in  ash,  for  the  reason  that  it  comes  in  direct  contact  with  tlie 
ceinent-pro<lucing  materials  and  influences  tlie  composition  of  the 
resulting  prcKluct.  The  coal  used  by  thi^  Omega  Portland  C'ement 
Company,  of  Michigan,  has  the  following  comiwjsition: 

Analytris  of  ctntl  tim'd  in  manufaciurv  nf  Portland  trntrnf. 

Per  com. 

Moist  are    l.fK) 

Volatile  matter :J0. 37 

Fixed  carbon  .  _ .m.  82 

Aah _ 3.81 

Total    100.00 

Sulphur _ 0.93 

The  coal  is  pulverized  so  that  it  will  pass  through  a  sieve  having 
100  meshes  to  the  line  or  inch,  and  is  blown,  by  means  of  hot  air,  into 
the  rotary  kiln,  where  it  burns,  produ(*ing  a  long  jet  of  flame. 

In  reference  to  the  establishment  (»f  a  l*ortland-<*em«'nt.  iiidusirv  in 

a. 

the  Nez  Perce  n^gion,  it  will  be  seen  from  the  analyses  n\'  linnvstone^ 
presented  that  simu*  of  them  at  least  have  the  desired  cliemieal  com- 
position. The  limestones  on  Mission  Cn^ek  ami  that  oeeurring  in 
Snake  River  Canyon,  for  exanjple,  are  of  exc(»ptional  ]>urity  and  well 
suited  to  this  use.  Hut  the  rock  is  hard,  ami  could  notcompett*  com- 
mercially with  a  softer  rock  of  equally  favorabU^  comi)osit  ion,  jn'ovided 
the  cost  of  transportation,  etc.,  wen»  tin*  same. 

The  analyses  of  the  ordinary  soil  and  subsoil  of  the  wh(»at  lands 
show  that  they  should  be  experiiiKMited  with  todelermim*  their  value 
as  the  **clay"  ingreilient  of  Portlan<l  cem(»nt.  The  doubtful  featuix^ 
is  the  comparatively  high  perceiilag<f  of  alkali(»s  [in^seiit,  that  is, 
potasli  and  soda.  This  would  tend  to  make  the  slurry  easy  to  burn 
and  to  produce  a  quick-setting  cenunit;  but  its  influence  ean  only  l)o 
det-ermined  bym*tual  trials.  Snuill  samples  of  cement  <'ould  be  nnwh^ 
in  the  laboratory,  and  the  behavior  of  the  materials  chosen  thus  be 
definitely  ascertained.  The  wril4»r  suggests  that  a  typical  sample  of 
the  subsoil  of  the  wheat  lands,  mixed  in  the  re(j[uisite  proportion 
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vrith  tbe  liniestoDe  tliat  (XM^ura  nn  Misaion  Creek  or  in  Snake  River 
Canyon  and  properly  Iiurru^,  mi^ht  yipld  a  gixxl  Portland  eement 
Tha  psperinient  is  well  woi-th  trying.  The  soil  wf  the  wheat  lands  burl 
in  places  been  remove<i  by  streams  anil  redepoeited.  This  washvA 
soil  may  be  expected  lo  be  Jess  rieh  in  alkalies  than  llie  orijiiiirf 
material,  and  it  might  serve  the  purpose  suggested,  in  ease  the  soil 
oce^urring  in  place  is  found  lo  be  too  high  in  potash  and  sihIh.  Tht 
betls  of  clay  interstralified  with  lh)>  Columbia  River  Inva  t^hould  al«a 
bo  k'Sled. 

Itegarding  fuel,  the  ligniU'  oeeurring  on  Grande  lionde  Rivt-rand 
elBewhere  might,  perhaps,  if  linely  powdered,  answer  the  pur[io»e. 
If  not,  the  next  most  convenient  (wuive  of  supply  would  b«  tlii'i'ial 
mines  at  Koslyn  and  Clealnm,  Washlngtou.  A  eommerciHl  uualysit 
of  the  (irande  Ronde  lignite  has  been  given  on  a  former  (lage.  Ci)bi- 
mereiul  analyses  of  ihi-  Koslj-n  and  Clealum  lignites,  made  by  W.  S. 
Thoiuus,  of  the  ('astrmr  (onl  and  Coke  ("ompany.  of  Belt,  SluolaLii, 
are  uk  followw: 


^ 


Aiutlf/afg  of  1  ignite  from  Itoslyn  and  Ctfolum.  WasMugioiu 


r 

CoiuUtn« 

■"■ 

jClMlniB. 

'/Vrflwl. 

.::::::■.:-:;    S| 

FJicrl  airlKUi 

l]--\y  lllr    ^;llll[.l.-s    ,iii;lly/,.'.|   wrn-  t:,\;ru   js    ]|.il      kii.iu 
and   whether  thrs.-   ;in;dysi-.s   I';iii'ly  ^^■|n■.■^^■MI    llii-   i-.ini 
lignile  at  the  vcspi^tiv.-  loealiliew    ciiii  mH  \,.-  sliilerl, 
however,  whether  the  iiv.-ratn-  Uoslyn  lisrnjl.'   i-i  it.s  hi) 
heiv  slated. 

In  reference  to  the  location  nj'  a  l'uril(iiMl-.'i-iii,.iii  | 
consideration  is  transporlalioii.  As  Irmn  llirce  lo  livi> 
linieKl.one  im  clay  is  required,  il  ii.suiilly  rollowstliiil  il  i 
ical  to  hicatc  the  plant  nuar  the  source  of  the  liinestoii 
rying'  of  fuel  must  also  be  taken  into  ai'couut.  as  well  : 
of  the  market  for  the  tiuished  product. 

On  the  whole,  the  conditions  favorable  1o  the  i-si;[ 
Poi-I land-cement  industry  in  the  Xez  Perec  rcj^iou  ;in 
iiia«er  deserves  eaivful  study. 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 

WashimjUm,  April  7,  1901. 

Sir:  I  have  the  honor  to  transmit  herewith  a  pai>er  entitle<l  Ueolojify 
id  Water  Resources  of  a  Portion  of  Yakima  County,  Wash.,  !)y 
emerge  Otis  Smith,  and  to  recommend  that  it  l>e  published  in  the 
ries  of  pamphlets  on  wat<M*  supply  and  irrigation.     Mr.  Smith  has, 

connection  with  his  studies  of  th<»  ji:eoloKy  of  the  vicinity  of  North 
akima  and  Kllensburg,  familiarized  himself  with  the  geology  of  this 
gion,  and  in  the  above-descril)ed  pai)er  has  given  special  atl^nlicm 
'  the  artesian  development  of  the  Yakima  Valley.  In  Bulletin  No. 
^,  by  Prof.  I.  C.  Russell,  publishe<l  in  1893,  there  will  be  found  a 
ascription  of  the  geologic  structure  atljacent  to  the  drainage  basin 

Yakima  River,  giving  special  attention  to  the  occurrence  of  artesian 

ells.     Professor  Russell  continued  his  studios  in  ISlHi,  and  the  results 

ere  publisheii  in  Water-Supply  Pa^HM'  No.  4,  entitled  A  licMuinnois- 

•nee  in  Southeastern  Washington.     Mr.  Smith,  aft^^r  a  more  detailed 

vestigation,  has  been  able  to  give  aihlitional  facts  n*garding  the 

editions  of  this  section. 

Very  respectfully,  V.  11.  Nkwrll, 

HydriKjrapJier  in  Chnnjf. 

Hon.  ('HAS.  1).  Walcott, 

Director  United  Hiates  (ieohufical  Surrey. 
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GKOIOGT  AKD  WATER  RESOURCES  OF  A  PORTIO!*  OF 
YAKIMA  COUNTY,  WASH. 


By  GRORns  Otih  Smith. 


INTBOnUCTOBT. 

nw  TCglon  diwQMed  In  this  report  Is  in  central  Washington.  It 
ii  m^ipad  in  FL  II  and  in  flg.  1.  The  area  shown  in  PI.  II  includes 
uen  tbaa  7fiO  Bqusre  miles,  bnt  the  district  to  which  special  attention 
fa  ghm  compriBM  abont  SO  square  miles  in  the  vicinity  of  the  eity  of 


Tortll  Yakima.  The  western  half  of  the  ni-t'H  In  in<-lii<]<-d  in  the 
Jlensbur^  quadrangle.  It  has  Ix-en  snrveyed  lioMi  toixigmphically 
ad  geologically  by  parties  from  the  IFnited  States  Oeolojfical  Survey, 
id  »  geologic  atlas  of  the  district  is  now  in  course  of  preparation. 


12      GKOLOOV  ANU  WATKK  BESOIIKCIW,  YAKIMA  (H). ,  WAHH.      "•"  a 

Tlit^  Hell]  wiirlc  upon  which  IhiH  import  w  hiwrxl  wiut  r-arrk-^i  rm  -liir- 
iris  July  niid  AukiihI,  lUIXJ,  A  pecciun«i«»ancw  wf  the  same  j»n?a  »iw 
uiiulv  Hlglit  ytiura  a^o  by  Prof.  I,  V.  Kutwell.'  \t  that  time,  liowt-yir, 
uiily  H  Itugiiiiiiitf;  liftd  bovri  miwlo  in  the  ilevelopment  of  the  itrt«fiiaD 
ruHuunxiM  of  thi<  «)lfirri<>t,  utiil,  iu  Addition,  PmrneiHor  UiirewII'h  oppor- 
tunitipH  ftir  otUM-rvatlon  were  limited  l>y  thn  hurri<«l  i.-hani<.'l«r  »f  hi« 
refroniiiiiwuiiK'iLi.  In  Ihu  preparation  of  t,hi»  [Mtpitr  the  writer  has  hwl 
before  him  the  ropurl  uf  I'n)fPB»or  KiuwoIlV  rtv^mnniseano-,  ami  1h« 
modi  fi  cat  ion  H  of  I'rofeiMor  ItnNoell'H  coiielusionH  whivh  may  be  prupoeni 
herein  are  baned  upon  additional  i>vidi>nn>  whiuh  hni*  U'en  rollecteil 
alnee  that  report  was  written. 

The  writer  wishes  to  express  his  indebtedness  to  Mr.  V.  H.  Newoll, 
liydrographei-  in  ebarge,  also  to  Mr,  Cyrus  C.  Babb,  of  the  Division 
of  Hydrography,  for  suggestions  made  in  the  eonrse  of  the  prepare' 
tiou  of  this  report.  In  the  discussion  of  surface  waters  extraoW  baTe 
been  freely  made  from  the  reports  of  Mr.  Newell  and  Mr.  Bnbli,  and 
Home  entire  paragraphs  have  been  written  by  tlie  latt^^r  geuileiuau. 

OEOGKAPm'. 

r  TOPOGRAPHY. 

In  its  general  aspect  this  i-eginn  nttembles  the  Great  Plains  of  tiin 
^Golnmbia,  exoept  that  it  ponsesses  greater  topograpliif  di^'e^BitJ. 
'Broad  valleys,  with  bounding  ridges,  trend  ea^t  and  we«t,  or  tran»- 
versely  to  the  conrae  of  Takirua  River.  The  bold  character  of  the 
cunvdns  whi.-li  lliis  riv.T  1i)is  nil   liinm^'li   ll..^   ndiros  .■;,ii  iimI   Uu\  <" 

ijnpiv.v.  111.-    iNHi-l.T,   bill    iiiil,-sN   ii.'  I.■;l\l■^  Dio  I'Miimad    I ii.'.i.I.m- 

not  (iljHiTVi-  till'  iiniiii!  \;illi',V  wlri'Ii'!i<'>,  TIr-  M<i..rs  of  III,.  1  riiiisv.-r-.' 
vallej-M  slop.'  jji-iilly  l..wHr.l  l.h.-  i-iv<'r.  iin.l  mn-ly  art-  .(.■.-ply  s.-.iml  M 
its  tributary  sIn'iiiiiM.  AIhivi'  Ihi'se  valleys  1h.'  riilffe.t  risi'  in  mIp^.v 
tiou.-*  of  several  thrnmaii.l  feel,  their  h-vpl-t"ppf.l  .TeBlw  iiiternniiiMl 
only  by  the  deep  ivat/>r-gap8  of  Vakima  River.  The  slc»))."4  .if  ili.' 
ridges,  exeept  in  Ihcm-  gfti>H.  iirc  ;;entlp,  iiiul  ni. ■(■;-.■  inlo  1h<-  v.-ill^'V 
floor  Im'Iow. 

Til.'  .'twl-w.-st  ri.l^'es  ilivi.l.'  lli.-  rcgi.iii  iiit.i  i-,>iivi-ni.Tii  loiHinnipliii' 
gi'oups.  whi<-h  ur.;  re.-.igiiize.l  lo.'ally.  Tluis  llie  .Viaiiniii  or  V.-ikiina 
Ridge  -in  the  «->ii1ti,  an.l  Ihe  -S.-lah  ki.lt;.'  ;ind  ('.iwi.-h.'  .Monntaiii  '^ii 
the  nortli,  irn-l.is.'  111.'  long  ininsvi-rsi-  viill.'y  wliicli  easl  .if  Vakiiiiii 
Itivcr  iw  known  ;,s  .Mo.v.-o  Vjilley,  iiii.l  w--sl  of  the  riv.-r  as  Alanuiii 
Vall.-yiin.l  Wi-l.'  Hollow.  North  of  Sflali  Itidgi-  aii.i  its  w.-st.-n.  .■■m- 
tinniitioii  is  th.-  trans\-.Tsi'  .lepwssion  known  as  Seliili  N'ull.'y  ;iii<i 
Weiius  \-all.M-.  wliil.-  sonlh  of  Atiuinin  Kidne  is  th.-  l.ma.i  v;iU.-y 
kii.iwii  as  R.'Si>rvatioii  N'iillev,  wbi.'h  is  in  large  part  in.'lnd.'.l  wiiliiii 
the  Vakinui  Indian  Ueservtition.  'I'hes<-  siil^livi.si.>n.s  .>f  111.-  an-a  -.iv 
geologicHH  well  as  topograjilii.'.  and  th.-y  will  be  iiienlion.-.i  fiirther.iii. 

•Bee  A  geological  ivM.niniis'mnin  \\\  I'enUftl  ■Wii»Vimi^t.u,\.i-  \,  <'    HnasBn:  Bull,  L".  S.  CM 
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CLIMATE. 

Tills  regrion  has  the  arid  climate  ol'  the  C-olumbia  IMaiiis.  In  tlio 
wieiuity  of  North  Yakima  the  annual  rainfall  averages  slight ly  nioi-e 
than  8  inches,  and  in  the  eastern  pail  of  the  an^a  the  i)n»eipitati()n  is 
doubtless  even  less;  but  the  west^irn  and  hiji;her  portions  share*  in  part 
the  climatic  influence  of  the  Cascade  Ran|?e,  and  thero  the  annual 
precipitation  in  the  form  of  rain  and  snow  is  c«)nsi(h»ral)ly  i^reater.  As 
an  illustration  of  this  increase,  the  nn'ords  kept  at  ( -h^aluni  and  Kll(»ns- 
burg,  lK>th  situated  in  the  upper  Yakima  Valley,  may  b(^  cited.  At 
t.ho  fonner  place,  which  is  25  miles  farther  up  the  vall(\v,  the  annual 
precipitation  is  more  than  three  times  that  at  Ellensburg,  while  the 
latter  place  has  a  rainfall  exceeding  that  at  North  Yakima,  lower  in 
t;he  same  valley.  If  records  w<»n^  availabhi  a  similar  incr<»ase  could 
undoubtedly  be  shown  in  the  upixu*  i)ortions  of  Atanum,  C-owiche,  and 
Venas  valleys. 

The  summers  are  hot  and  dry,  and  with  tlie  hi^h  jx^rcent^ige  of 
bright,  clear  days  are  very  favorable  to  agricultun*.  In  th(^  lower 
Valleys  the  winters  are  short,  and  very  cold  wearther  is  uncommon. 
The  mean  annual  temperatun^  in  the  vicinity  of  North  Yakinui  is 
Bbout  50°  F.  The  record  kept  in  tlu^  year  1895  in  Moxee  Valley  ^ives 
the  mean  as  49.7°  F.*  An  excellent  index  of  the  varied  climate  of  the 
t«gion  is  afforded  by  the  native  vegetation.  Along  the  rivei*s  and 
streams  only  a  few  trees  are  found,  the  (*ottonwood  Innng  a])un<lant 
on  the  east  bank  of  the  Yakima  near  North  Yakinui,  but  th(^  nnst  of 
the  lower  valleys,  and  even  the  ridges  in  th(»  central  and  western  por- 
tions of  the  area  described,  are  treeless  an<i  of  desolate  appearanc^e. 
Sagebrush  and  associated  desert  shrubs  grow  whenever  the  lan<l  is  in 
it«  primeval  st»ate,  and  the  nutritious  bunch  grass  is  phMitiful  on  the 
ridges,  except  where  exc^essive  grazing  has  destroyt»<l  it..  In  Ww  west- 
em  quarter  of  the  area  mapiMnl  the  yellow  ])in(^  appears  fii*st  in  scat- 
tered single  trees,  and  tlu^n  in  oi)en  groves  which  add  much  to  the 
beauty  of  the  scenery  as  one  trav(M'SPS  the  higher  ridges. 

SOIL. 

Analyses  of  soil  from  Atanum  and  W<»nas  valleys-  show  that  it  is 
rich  in  potash,  magnesia,  lime,  and  phosphoric  and  sulphuric  acids, 
constituents  which  are  essential  to  plant  life.  The  line  texture  of  the 
soil  is  a  characteristic  dcmbtless  even  more  important  than  its  chemical 
eomi>osition,  for  it  not  only  facilit^ites  cMiltivation,  but  renders  soluble 
and  available  a  greater  i)ercentage  of  the  mineral  matter.  Tin?  aridity 
of  the  climate  also  doubtless  has  Imd  a  ben<»tl(»ial  effect,  in  that  the 
soil  has  not  lost  it«  most  valuable  cxmstituent.  by  the  leaching  of  sub- 
surface waters. 

*  FirHt  Auii.  Rept.  Bureau  of  StatiBticv,  Afn*i<*iilfcQ>*o  and  Imiuigratiou  uf  Statv  of  WaHhiiigton, 
ItM,  p.  24. 
sOp.clt,p.M. 
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I  In  this  contif-ction  it  m»iy  be  well  to  Butind  a  wonl  of  warning  H^nitiBt 
ifite  waste  of  water.  Exc^snive  irrigation  has  alrea<ly  injured  cf^rtain 
portions  of  llie  low«r  valleyH  in  thii*  couutj\  Not  only  doea  the 
coiiKtniit  proBenew  of  watur  result  in  IcAuliliig  out  nottto  of  tho  mora 
Holublc  uf  thu  VHluHbl«  soil  eleiuent«,  tint,  in  llitt  lowiir  K^vvls  tlio  aotioD 
f  of  MiiH  Avati>r  is  tn  Ijrin^  to  the  Murfiu^'^  vtirtHin  stiltM  that  nn'  iiijtirioa* 
e^elatiou.  Such  waato  of  WAt»r  In  irrigation  is  tlum  n  doable 
ilril.  lu  aa  iiTigation  district  the  good  of  the  community  Rhould 
IpODStantly  be  considered,  and  it  is  the  duty  of  the  individual  to  think 
Xft  the  future  as  wull  as  Mm  present  productivenews  of  the  soil. 

AGRICULTURE. 

Yakima  County  is  ppoeminently  an  agrieultural  region.     The  vallejn 
ifeloiig  Yakima  Kiver  are  within  easy  reaeh  of  the  Northern   PaeiSc 
ilway,  whieh  gives  them  ready  commnnieAtinn  with  PuRot  .'^onniL 

Rile  rapid  growth  of  th©  trans-Pnnifle  trade  is  encouraging,  Mnd  van 

Iffot  fail  tft  benefit  the  agrleiiltiiral  Industry.  The  Ptiget  Sound  dtitw 
and  Roalyu,  a  coal-mining  town  farther  up  the  valley,  alretuly  ak 
important  markets  fur  the  products  of  the  Yakima  region,  and  astlw 
mining  industrj'  of  the  Cascades  develops  additional  mnrkets  will  be 

,  afforded. 

U    These valleysarealsosituatod close  lothe mountainous rt!gions  which 

RUmish  Hummer  grazing  for  large  herdf  of  ealMe  and  bands  of  sheep. 

Mtrozing  in  these  mountains  has  often  been  destntctlTO,  but  now,  undt^ 
the  conservative  management  of  the  Secretary  of  the  Interior,  ft  In 
JLHli.'iuiKly  r.---|il;il.-.l.  'I'll.'  prnium.-ncc  ..f  lli.-sc  imMinliLin  [lasinrt'S 
is  iuii»irl.iiii1.  tolh.'HKrifiilliirjil  iii.liistncs  cjf  ilie  vfllley.  Torllie  rattle 
and  Hlieep  cimstitule  a  home  market  for  much  of  the  hay  raised  there, 
since  winter  feeding  is  iieeessary. 

The  crops  that  an-  eultivated  in  this  district  art!  many  and  varied. 
In  the  irriHiiled  iMirtion  hay  is  raised  which  trommauds  a  liigher  price 
in  the  I'ucet  Sound  markets  than  that  from  any  other  locality. 
Alfalfa,  I'lover,  and  timothy  are  the  forage  plants  commonly  irrown. 
Of  the  cereals,  wheal  and  oats  arc  the  most  important.  Potjiloet^ 
sweet  corn,  and  other  garden  vegetables  grow  well  in  the  Yakima  val- 
leys, and  are  readily  marketed  in  the  Sound  cities.  Of  oi-t-hard  fruits, 
apples,  peaches,  prunes,  pears,  cherries,  and  aprieots  grow  lo  the 
highest  [wrfection,  and  the  fruit  industry  may  be  considered  only 
partially  develoi>od,  although  its  success  is  assured.  All  of  the  small 
fruits  grow  equally  well.  This  region  has  also  long  been  famous  for 
the  excellent  quality  <if  its  hops,  which  crop  continues  to  be  an  import 
tantone.  Sorghum  is  raised  to  some  extent,  and  as  the  a^icultural 
possibilities  arc  gradually  dcvelojied,  doubtless  the  cnltnri'  of  miuiy 
other  crops  will  be  found  to  l)e  pnjfitable. 

At  a  few  loealities  drj'  farming  has  been  attempted,  but  with  bltle 

success.     AVheat  and  barley  are  the  crops  raised  where   irrigation  is 
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impoflsible.  It  seems  probable  that  with  ciiref  ul  Helootion  of  northern 
slopes  on  ridges  where  the  wlnt-er  pn^upit^tion  is  considerable  and 
the  soil  is  fine  and  well  fitte<i  to  retail n  the  moisture,  success  may  be 
had  in  raising  these,  crops.  The  experience  of  Mr.  John  Cleman  in 
raising  winter  wheat  on  the  north  side  of  TJmpUinum  Ridge  is  instruc- 
tive in  this  connection,  for  it  has  proved  that  that  crop  can  be  grown 
there  successfully  and  profitably. 

c;kolckjy. 

general  features. 

The    )>3isin    of  Yakima    River  doscril)e<l  here   forms  an  interme- 
diate zone  between  the  Columbia  T^lains  on  the  ea^st  and  the  Cascade 
Mountains  on  the  west,  and  geologically  it  i>o»sesses  many  features 
of  each.     The  geologic  formations  are  chiefly  those  of  the  Columbia 
Basin,  but  the  structure  is  more  nearly  related  to  that  of  the  Caiscade 
Bange.     The  rock  formations  are  folded  into  arches  and  ti'oughs,  but 
the  structure  is  simple  and  readily  understiMKl  by  (^ven  the  railway 
traveler  passing  up  Yakima  River. 
The  i*ock  seen  everywhere  along  this  river  is  the  black  basalt,  but 

'n  certain  valleys  on  the  flanks  of  the  ridges  white  siindstone  is  visible. 

I'hese  two  formations,  with  the  andesit'C  which  occui-s  locally  and 

(he  allnvium  of  the  valleys,  will  be  described  more  fully  on  the 

following  pages. 

FORMATIONS. 
YAKIMA   BASALT. 

This  formation  includes  the  great  series  of  lavas  poured  out  over 
this  region  in  late  Tertiary  time — flood  after  flood  of  molten  rock, 
^hich  covered  the  vast  area  bet  wc(»n  what  is  now  the  crest  of  the  Cas- 
<^<le  Mountains  on  the  west  and  the  mountains  of  Idaho  on  the  east, 
*nd  between  the  mountains  of  northeastern  Wiishington  on  the  north 
*tid  the  Blue  Mountains  of  Oregon  on  the  south. ^  Solidified  tree 
trunks  found  at  a  number  of  localities  show  conclusively  that  con- 
**iderable  intervals  separated  the  lava  eruptions.  The  number  of  suc- 
<5©ssive  fiows  undoubtedly  varies  in  dilTen»nt  parts  of  the  area.  In 
^Hake  River  Canyon,  where  3,0(K)  feet  of  lava  is  (^xpos^^d,  Russell 
'bunted  eight  distinct  lava  sheets.^  Ten  or  mon^  separate  flows  can 
t>©  counted  in  the  canyon  of  Yakima  River,  and  individual  flows  Ije 
traced  great  distances.     The  depth  to  which  the  basalt  accumulated 

>  The  namefi  Colambia  lava  and  Columbia  River  lava  have  \>een  nsod  by  Prof.  I.  O.  Rq8M»11  in 
^Qscribtnfc  the  ezten»ive  lava  series  of  the  Columbia  River  Basin.  Under  thomi  terms  are  Included 
h^aalts  of  both  Eocene  and  Mimreno  age  (Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  IH.  II,  p.  129), 
^Iso  hypersthene-audesite,  which  is  of  iKwt-Tertiary  age  <  Water-Supxily  and  Irrigation  Paper 
17.  8.  Oeol.  Survey  No.  4,  p.  43).  In  the  detailed  mapping  of  the  Yakima  area,  which  is  a  part 
Of  the  Colnmbia  River  Basin,  it  has  Ijoen  found  inadvisable  to  use  this  general  formation  name, 
beoRuae  the  lavas  of  different  ages  must  necessarily  be  separated,  and  therefore  the  term  Yakima 
baoalt  la  need  for  that  of  the  Miocene  period. 

•Watar^iiiipl^  and  Irrigation  Paper  U.  S.  Oeol.  Survey  No.  4,  p.  48. 
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ail  be  KtHlwl  ouly  approxinuvtely.  In  the  Siiak*-  River  region  tit 
9Axiiniiin  thicknens  is  estimat*'!!  to  bt'  in  exoes»  of  5,000  feet.' 
he  Yiikima  region  more  thau  ^.S'lO  feet  is  exposed  in  vertical  i 
ion  in  the  canyon  of  YnkimH  itiver,  »nci  as  the  section  includen 
leitlier  the  top  nor  the  bane  of  the  lava  wrien,  the  real  thieknew 
lay  possibly  approximate  that  along  Snake  River.  To  the  wtwt  an^ 
lOrth  the  t)aHalt  series  is  plainly  thinner  where  it  overlapH  the  tilda 
ORks. 

Dxamination  of  the  lower  eontact  of  the  Yakiinu  liasiUt  hIiowk 
it  the  time  of  the  earlier  eruptions  the  typography  wh«  extremely 
agge<l.  Thi!  depressions  were,  however,  gradually  filUHl  with  niolla 
tick  and  tlie  inequHlities  tiblitonited.  jtittt  as  the  watora  uf  a  inb 
onoeal  the  uneven  bottom,  no  that  nt  the  cessation  of  the  er)i])tioDV 
he  lava  series  had  the  asiieet  of  a  monotonous  wast«,  rough  in  detail 
lUt  generally  level  over  a  vast  extent  of  country. 
As  seen  in  Vakima  County,  the  basalt  Ib  a  blaek  rock,  compact,  and 
eavy.  On  the  weatliered  sorfane  It  is  oft^n  of  a  brownish  color 
wherever  eximtted  it.  is  dark,  and  the  ap(>earauce  of  the  ridges  is  doll 
nd  somber,  unrelieved  by  even  the  desert,  vegetation.  In  a  few 
Bftces,  where  the  residual  soil  can  be  found  inimixdl  with  alluvial  or 
flier  foreign  matter,  it  is  of  a  bright-red  color. 

The  most  noticeable  feature  of  the  basalt  rock  is  the  columnar 
larting  by  which  the  black  sheets  of  lava  are  broken  up  into  long 
olonnades.  In  some  localities  these  columns  are  prisuiatie,  with 
bftrp  edges  and  even  aidefl,  the  prisnui  being  often  ao  reguUr  a*  ■ 
a  suggest  the  work  of  human  hands.  This  parting  is  Ihe  n-siilt 
of  contrai'lion  or  shrinkagi'  uf  the  Krilidilii-d  lava  ;i^  the  nick  iiihss 
gradually  i-ooleil.  'I'he  pi-<ss.Mi.-e  of  tliese  Ji.iiil  enic-ks  i.s  itnpurljuil., 
because  they  affoni  passages  U<\-  water  in  a  rock  relatively  iuijier- 
vious.  It  thcn-forc  is  iliteresliiig  In  nutc  tlic  presence  or  abscn<'c  of 
the  jointing  of  the  ba.salt  where  it  is  cxi^iscd,  and  .such  oliservalioiis 
have  their  liciiriiig  upon  thi- discussion  of  tlie  course  of  t)i<-  unilcr- 
grouiid  waters. 

The  basalt  of  certain  llow.s  lias  extremely  I'ough  and  scoriaccous 
surfaces,  due  to  small  cellular  cavities  which  were  foi'ined  by  th.- 
steam  in  Ihe  aiolten  rock  and  which  greatly  alt^'r  it«  apiH'ai'ance, 
These  varieties,  which  tell  so  graphically  the  story  of-ihe  lava  erii|i- 
tions,  are  less  eomaion  than  the  compact  basalt.  Fine  and  eoarsi- 
tuffs,  or  so-called  ash  beds,  are  found  at  a  few  h<n-izons  in  (he  basalt 
series,  but  such  beds  ai-e  insignificant  when  compared  with  the 
thicker  and  more  common  htva  sheets.  In  a  few  iustanci's,  however, 
these  fragmental  deposits  are  of  importance,  one  noteworthy  locality 
being  IJald  Mountain,  at  the  head  of  Wenas  Creek.  There  the  ImhIs 
of  yellow  tuff,  full  -of  angular  fragments  of  glassy  basalt,  aggn-gatf 

■Oi..cil.,i.«, 
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ral  hundred  feet  in  thicknesH,  and  ^are  very  noticeable  on  the 
tieastem  slope  of  the  peak. 

ELLENSBURG  FORMATION. 

ing  directly  upon  the  basalt  is  the  HodimonUiry  scsries  to  which 
lame  Ellensburg  formation  has  been  given.  This  series  includes 
ially  consolidated  sandstones,  shales,  and  conglomerates,  with 
insolidated  sands  and  gravels,  and  reprosent-s  sediments  dex)os- 
upon  the  basalt  imme<iiately  after  the  cessation  of  the  eruptions. 
le  larger  part  of  the  North  Yakima  area,  however,  some  of  these 
nents  were  laid  down  before  the  eruption  of  the  la«t  flow  of  the 
Itic  lava,  for  at  a  number  of  localities  20  to  U)0  feet  of  the  white 
[isburg  can  be  seen  capped  by  a  similar  thickness  of  ])la<*k  lava 
the  characteristic  b^isaltic  parting,  over  which  the  succeeding 
ments  have  accumulated  to  a  thickness  of  more  than  1,500  feet, 
il  leaves  found  in  the  vicinity  of  the  city  of  Ellensburg  show 
B  deposits  to  be  of  Miocene  age.^ 

le  Ellensburg  formation  occurs  in  the  valleys,  where  for  the 
;  part,  it  is  concealed  under  an  accumulation  of  valley  alluvium; 
it  is  visible  along  the  banks  of  the  streams  and  where  irrigation 
168  have  been  cut  down  through  the  alluvial  covering.  Along 
t>orders  of  the  valleys  the  white  rocks  can  be  seen,  often  extend- 
leveral  hundred  feet  up  the  lower  slopes  of  the  ridges.  Such  soft 
8  as  these  friable  sandstones  and  shales  can  not  well  resist  even 
slight  erosion  of  this  arid  country,  so  that  the  presence  of  the 
asburg  formation  is  frequently  indicated  only  by  the  bits  of 
)sitic  pumice  lying  on  the  surface  around  badger  holes. 
le  best  exposure  of  the  series  is  along  the  noilh  side  of  Naches  Val- 
wrhere  the  white  bluffs  extend  for  miles.  Here  the  character  of  the 
8  can  easily  be  determined.  A  careful  measurement  of  this  sec- 
,  made  by  Mr.  Frank  C.  Calkins,  who  served  as  geologic  field 
^tant  in  the  survey  of  the  Ellensburg  quadrangle,  Ls  as  follows: 

Section  of  Elleiutbury  fonnafion  along  the  north  aide  of  Naches  Valley, 

Feet. 

Brown  pmnice  sand,  varying  in  texture  and  color,  in  part 

concealed,  approximately I4r) 

Brown  pebbly  sandBtone   or  conglomerate,  with   small 

basalt  pebbles  in  a  matrix  of  ashy  sand 100 

Ghray  and  brown  sandstone  and  pumice  sand 90 

CTonglomerate,  andesitic  pebbles,  with  a  few  basaltic  peb-   • 

bles,  in  ashy  matrix 15 

Brown  toffaceous  sandstone,  with  much  pumice 25 

Partly  consolidated  sand,  composed  mainly  of  pumice 

grains - . .        ^5 

Soft  light-gray  ash 1 
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on  uf  EUeiUbHrg  formallnn  qlong  Ihc  north  aiiienf  XaeluM  t'aMry— Conliiia 

Broim  pnmioe  eftnd - 1" 

PorouB  sinter.  .__ _ l.S 

Coarse,  brown,  tuffsceoae  aand.  paiilj  coneolidated  3 
CoMrae.  soft,  gray  sandetoiH^.  composed  of  Angnlar  ande- 

ait«  fragmente 3 

Yello wish- white  pumice  conglomerate    B 

,     Fine  gray  saud.  gUt,  and  pomire  sand  well  stratified .  % 
('(iBTBetoQn^grained.browniBh-gray.  sorttnffaceonBsand- 
Bione.  with  pnmic<>  and  andeeite  fraginentB               ...  3a 
Pumice  (■•iQ^^lomeratee  and  inter1>edded  tnSatwoiiB  sand- 
atone..   _ - 13.S 

Hard.  tine.  gTaysandstoiiB _ I 

Fine  brown  eond.  partly  consolidated 3 

Grayish-brown  sund,  with  b  few  pumice  pebbles 8 

Redd isb -brown  conglomerate,  with  large  bowlders 30 

Hard  sandstone,  with  calcareuuB  layers 1 

Coarse,  gray,  pebbly  uand.  cross  beddod IS 

Brown  tDffaceousBiind,  wiih  lapilli  ..._ l.S 

Coarse  conglomerate  of  nndesiteand  pnmice S 

Grayiah-browutulTaceonsBandsIone.  withpDmicepehblee  A 
Well-bedded  gray  sandstone  and  shale,  with  pnmice  peb- 
bles..__ 18.S 

Brown  tnffaceona  eandstone,  pebbly .   ...  3 

AndfBite  (Conglomerate  and  partly  coneolidated  sand,  with 

some  pnmice  i>ebblefi ...  SO 

Pomice  and  nndesite  oonglomerates.   S.S 

Fiae,  crou-bedded,  soft  Boudstoue,  witb  bed  of  anfcnlar 

pnmife     _ i' 

Coiirse  pnuiico  congloiiieriiti' - I 

Fine  gray  sand  and  silt,  with  uiiich  pumice _.  i 

Pebbly  .sanil,  with  pumice  pebbles _,  .  __ 10 

Pale-lavender  soft  sbalo 1 

Gray  tuff  and  satid ■> 

Light-brown   tine  Handstoni',  grading;  u|i  into  cli>>iL'iilsri.- 

Pebbly  HBndstone.  in  jiart  lullacfons,  with  ititcrralafd 

layers  of  pnmice  pebbles  and  fragnii'dls     ...  '■'■'! 

Andesitjc  aggl.imeiate.  line  grainei] _ _ _ ;' 

Mediniii-gr.'iined  gray  siimUtone 4 

Andesitic  giavel _ 1 

Coarse  saud  and  gravel .    .  '> 

Har'l  sandstone  _ :i 

Fine  to  coarse,  mi^ium-MMH.  gray  and  brown  sands,  witli 

lapiili  and  pnmice  pelihlca  _ J".") 

Coars''  sand,  with  bowlders  stained  brown _.  0 

Medium -grained  hard  sandstone    -i 

Fine  andeaite  gravel,   with  coarse  sand,  partly  cotisoli- 

dated _       _ Ill 

Gray  tufEaceous  sand,  with  fine  pmiiice i\ 

Conglomerate  pebbles,  averaging  about ','  inibQa.  covered 

with  dark-brown  varnish 'JO 

Fine,  ligbt-gray,  tnSaceons  sandstone        ^ 
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(uM  o/  EUentimrg  formation  along  the  north  side  of  Nachen  Valleji — Con  tinned. 

Feet. 

Dark-gray  coarse  sand,  croBS  bedded,  with  small  andesite 

pebbles 5 

Fine  to  medinm-grained,  light-gray,  tnffaceons  sandstone 

andsilt . 6.5 

Andesi  tic  agglomerate,  finegrained 10 

Dark-g^y  sand,  cross  bedded 1.5 

Conglomerate  pebbles,  mostly  andesite,  with  a  few  of 
basalt,    averaging   abont   2   inches,    obscurely    cross 

bedded,  with  lenses  of  sand 20 

Sandy  tnff,  with  fine  lapilli 6 

Fine  gray  sand,  cross  bedded 1 

White  tnff,  fine  lapilli  in  matrix  of  relds[)athic  sand 2 

Light  brownish-gray  ash 4 

Soft  sand 5 

Fine  white  silt 8 

f*ine,  light-gray,  tnffaceons  sandstone  and  ash,  coarser  in 

npper  portion 7 

Coarse  agglomeratic  sandstone,  composed  of  snbangnlar 
fragments  of  andesite  interstratified  with  gray  sand- 
stones and  pumice  tnff  and  conglomerate 38. 5 

Fine  tnff,  light  gray,  structureless  . ..         4.5 

Rough  sandy  conglomerate  of  andesite  pebbles 5 

Fine,  light-  to  dark-gray,  hard  sandstone,  in  part  cross 

bedded,  with  pumice  pebbles 9 

Fine  light-g^y  sandstone  and  brownish  tnffaceons  sand- 
stone          9 

Fine  light-gray  tuff ,  with  lapilli 2 

Fine,  light-brown,  tnffaceons  sandstone,  structureless ...         4 
Hard,  light-gray,  pebbly  sandstone  and  interbedded  tuff 

of  fine  pumice  fragments  11.5 

Cross-bedded,  soft,  gray  sandstone,  with  abundant  pumice 

pebbles 0 

Fine  andesite  agglomerate,  grayish  brown .  1.5 

Cross-bedded,  fine,  gray  sandstone  and  shale,  with  small 

pumice  pebbles 10.5 

White  and  lavender  shale,  passing  into  slialy  sandstone 

above H 

Fine  light- to  dark-gray  sandstone  10 

Cross-bedded  dark-gray  sandstone,  with  pumice  pebbles. .         3 

Whiteshale _ 1.2 

Fine  to  coarse,  gray,  tnffaceons  sandstone,  structureless, 

with  some  pumice  pebbles 14 

White  shale  and  fine  gray  sandstone,  interbedded 19 

Lavender  and  white  laminated  shale,  in  part  sandy 10 

Light  rusty-brown  agglomeratic  sandstone 8 

Cross-bedded  sand  and  gravels,  pebbles  with  blackened 

surfaces .... 8 

Fine-grained  gray  sandstone  and  silt 15 

Medium-grained  tuff  composed  of  lapilli 1 

Light-gray  sandstone  grading  into  silt 15 

Conglomerate,  with  large  and  small  andesite  pebbles  and 

saadlenset dO 


I    GKHLOIIY  ANIt  WATEK  kK>!(»UUCKS.  YAKIMA  CO.,  WASH.      IM 
tvm  o/  EllFiiiimri/ /urmatifin  iiUm^  llu!  north  itide.  of  Niieiie»  I'nJ/p^— (.'<iutinB 

Pin«.  soft,  STAy  Huidstone  and  silt,  txHtrser  in  npper  por- 
tion, croxs  bedded  ..       .  -  - -  --.  -.  H.S 

Medium -line  light-browu  taffaceons  Handstooe U 

Gray  and  greenish  sott  windetone  iind  sandy  sbale     10 

Medium  to  oiirae  light-gray  ■nudBtone,  locally  gruding 

iuto  Bntii  coDgloiuanit^  ...    .  - ao 

Fiue,  sort,  lightgray  aaudslciie  uid  lavender  ahala 1.4 

.-hoarse  Ijrown  ailt..   .    ..    _ I 

UouKloiaerat«.  finer  in  lower  i>ortion   _ _.  fi 

Coarser  cross-liedilod  sandslone.  with  pebblea (i 

Fine  conglomerate  ami  m»li»m-grained  light-gray  aand- 

Coarwt  to  fine,  gray.  urosB'bedded  Siuid   S 

Lavender  Hilt  and  ash.  witlilarilli,  while  above.  _ " 

Pine  Iftpilli.  iimonsoHiiateil I 

Fine  Hiiht-brown  aaiidatoue * 

Coarse  tnff.  with  ritand(>d  iniiuicB  pebbles  in  a  sandy  ma- 

trii  3 

Light-gray  tnffaceona  sandstona,  with  lapilll -i 

Fine  andesitiu  agglomer.tte _._     .  8 

ftlediniu- grained,  gray  and  yellow,  soft,  cross-bedded  sand- 

Btone.  witti  small  pebbleu 8 

Medinui  to  fine  tnfTaceoaa  sandalone,  baff  colored,  strnc; 

tnreleea   . 8 

Medium tocoarse-grained,  croHS-tiedded.bloiBh-gray  aaod- 

BtonB.  with  small  pnmice  pebbles. __ IS 

I.   WWteailt.-.     ..  .- 1 

Light-gray  cross-bedded  eandatone  and  silt 10 

Drab  and  griiy  tufrrtCfotia  naiKlatoiio.  atrtictureleaa    I'> 

Soft  white  tuff  of  fine  [rnmu^.'  fragnii'iils  _ .  I.  :t 

Sort  tuffaioous  Hiinilstoiif.  »triu-tureles9 T 

Cross. beikled  gray  s;iud.  with  iiuiiiicH  jwbbles  and  inter- 

be<ldi>dBilt     fi 

FiniMlrftb  siind  and  l.ivender  silt.  iiil«iliedded      _  i: 

Fine  lavender  tufl",  Htnictnreless  I ,  i> 

Fine  wind  imd  c\ny,  irregular  strati  fieutiou "■ 

Medium-grained  sand,  with  sf^itteiing  [>ehliles  of  I'umice  l..'i 

Fine  light-gray  ^and  .and  lnvendiT-rulofii  silt    .    .  '■': 
Dark  grny  cross- beilded  sandstone.  withaniiiU  pumice  Jieb- 

bies  .  - .  .         .  r. 

Hard,  grayish  to  brownish. int'diiini-grained  sandstou<!.  2  .'> 
.  Coiirse    gray  sandstime  iind   tnfT.  with  laiiilli   in  ,*andy 

Fini'  sand  and  liipilli.  partly  consolidated     l.'i 

Tuff,  with  angular  fragments  of  andeHile.  puniice.  anil 

feldspar 4 

Fine  light-j,Tay  sandstone,  witli  beds  of  .silt  in  upper  part.  lf( 

Lavender  shale I 

LiKht-yellow  ash  and  lavender  .shale,  pa.'wing  into  tine 

SFindstone - .    . ll> 

Conglouieriite.  with  seams  of  sand,  large  .imlesite  and 

pumice  j>ebblEs _ 10 
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OM  uf  EUeruiburg  formation  cUong  the  north  aifle  of  Naches  Valley — Continued. 

Feet. 

If edinm  to  ooane,  cross-bedded,  soft,  gray  sandstone,  finer 

in  npper  portion  . 10 

Lavender-colorefl  ash.  feldspathlc 5 

Medium-grained,  light- brown  to  greenish,  tuftaceous  sand- 
stone, with  andedte  and  puuiice  pebbles 4 

Cross-bedded  sand,  with  lapilli  and  andesite  pebbles 0 

White  tuff,  with  small  angular  lapilli .5 

Interbedded  silt  and  sand,  drab  colored,  with  lapilli 7 

Fine,  bluish-gray,  soft  sandstone,  with  pockets  of  lapilli . .  8 

Medium  coarse  gray  sandstone ^^ 

Lavender  tuff,  with  a  medial  bed  of  drab-colored  silt ...  2 
Ck>ar8e  sandstone,  with  much  feldspar  and  fine  lapilli,  finer 

toward  the  top  .  3.5 

Coarse  light-gray  ash - 2 

Medium-grained,  light-gray,  tuffaceous  sandstone,  with 

angular  lapilli - 1.8 

Medium-  to  fine-grained  gray  sandstone 0 

Coarse,  stream-bedded,  gray  sandstone,  with  pebbles  of  an- 
desite and  pumice 2.8 

Conglomerate,  with  small  pebbles  of  andesite  and  larger 

pebbles  of  pumice;  some  sand  lenses 4. '5 

Coarse  buff-colored  ash  containing  much  feldspar 7 

Gray  sandstone  and  silt 20    v 

Fine  light-gray  ash,  structureless 20 

Sand  and  gravel,  stream  bedded,  pebbles  2  inches  average 

diameter,  gravel  finer  in  upper  portion 38 

Fine  gray  ash,  structureless,  silky  luster,  composed  of  fine 

particles  of  glass 4 

Fine,  gray,  tuffaceous  sandstone,  with  lapilli  one-fourth 

inch  in  diameter 3 

Conglomerate  interbedded  with  sand;  pebbles  of  black  an- 
desite 1  to  4  inches  in  diameter .    10 

Basalt,  two  flows,  columnar,  with  vesicular   upper  sur- 
faces, 25  feet  in  thickness _ .  _ 

Gray  ash 1 

Light-gray  tuff,  with  pebbles  of  andesite 25 


Total  sediments  resting  upon  upper  surface  of  main 

l)ody  of  Yakima  basalt 1, 569. 5 

I  will  \)e  seen  from  the  forei^oing  section,  the  most  noteworthy 
acteristic  of  the  Ellensbiirj^  formation  is  the  ])resence  throughout 
hite  andesitic  i)umiee  in  angular  ]H>bbles  and  small  bowldei*s. 
)  ex)mpaet  andesitic  lava  is  the  material  next  in  im[)ortanee,  while 
It  is  noticeably  iinim[)ortant.  The  rare  and  sponwlic  occurrence 
ebbles  of  basalt  in  this  sedimentary  formation  is  remarkable, 
as  shown  in  the  section,  the  basaltic  material  is  more  common 
the  top  of  the  series.  Another  conspicuous  feature  is  the  cross 
ling  of  the  sandstones.  These  characters  afford  evidence  as  to 
lature  of  the  water  body  existing  at  that  time  and  the  couditions 
dimentation. 
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It  18  (leiuonstriiti'il  lliiil  in  Mio(vni^  liinft,  ln)mi*dia1«ly  following  Ih* 
t>rii]>tinns  of  tlic  ftivjit  btiMalt  flows,  central  Wii«hiiigl<>n  was  covered 
with  waUr,  but-  until  tlm  whoNt  arcji  tin*  Iwpn  xtudiiHl  it  twin  not  be 
BtAU'd  how  ext«uHive  or  how  (ii*ep  thi»  lnnly  of  wal^r  was.  In  the 
Nurth  Yakima  rt'jjion  the  Htreaiiw  washed  down  VHst  iiunntities  of 
in>it«ri»l  from  adjoining  arcan  wljcm  andmitic  lnvii  wns  iK'inp  erupiwl 
Strpam-roiindol  pi-bhlntt  and  Ixtwldt'rs  were  thus  dcposittil;  and  the 
dopoHilioii  appar^utly  t^Mik  \i\&tt'  in  sliallow  wat^'r.  Hincf  the  Htratified 
Ijeds  of  wand  awl  Rrftvcl  ttliow  the  "ffwt  of  i-nrrenln  whioh  <-ould  not  I 
have  exiiit«>d  in  llwp  wat^-n*.  'I'ln'  ^wtln  nf  finer  luaterial,  however, 
are  more  perfectly  utratiflwl,  xhowing  that  at  ttmeft  deiKixition  ti»ik 
placo  in  mon-  i{ui4<t  wat^tm. 

ANIIEHITK. 

Bi'tween  the  lower  Naches  Valley  and  the  valley  of  (Viwiehe  Cri-ek 
there  is  a  hniad  plaletiii  with  peculiar  features,  Its  toiwgraphy  is 
noticeable  from  the  prenenoe  of  uadrained  deprewsioiis  and  a  general 
hiimmocky  surface.  It  It*  atmiit  12  mileti  long,  from  1^  to  -I  mllee 
wiilt',  and  from  H'Xl  tft  7(Kl  feet  at>ove  the  valley.  It  represent*  the 
lower  end  of  a  hiva  .sln-airi  whieh  hwl  il«  Noiinie  in  the  Tieton  Basin, 
t«  the  west,  hikI  following  dnwn  tlie  eanyon  uf  Ti«t<m  River  floweil 
out  over  the  broiwi  valley  at  the  jniu-.tiun  of  (lowiche  Creek  and 
N aches  River.  The  irref;nlar  tbouffli  guiiorally  flat  HurfHci'  remnimi 
jUBt  aH  when  the  molten  rock  cooled,  while  at  the  edges  of  the  old 
flow  the  eohimnar  Jointing  of  the  nooled  Inva  in  seen.  The  latter 
featniv  is  exhiliitcd  in  a  wiinderliil  manner  nt  riftun-.I  Kix-ks.  (S'c 
PI.  IV.)  Tlie  rork  ..r  IliiM  pliilejin  is  nii  iind.-sit.-  \Uii.-li  ...---iirs 
nowhiT.'  clsr  in  lln-  iirni  lien?  discussed.  Its  iTiii.ii.m  .u-eiinvd  mui-h 
hitcf  llian  till' ^'ival    IwsiLlt  (-ciii.li.ins,  and  in  I'ac-i  is  ihelal.-st  inipor- 


llo  N;i«-lies  Viillej 
liis;ind  Mbil.'^n. 


Tlie  vail. ■>■«,. flhis  ivfiion  .me  theii- vain.-  for  a^'iicTillnrnl  i.nrj>i.se> 
to  llie  tinc-!^raira'.l  allnviiii  .lep.isils.  Tlie  line:,!  ..f  sill.  .-MeiMi-  ..ver 
large  areas  .if  l.olt.irn  lands,  whicti  n-pr-'sent  llie  sediinenis  llial  hav 

l.e.'n  .leposite.1  by  llie  streams  (Iciwln;:  si.iwlv  upon  lli.-ir  fl i  plains. 

In  the  .\lannm-.M.i\.-.'  Valley  some  fin.'  material  .lonbtless  was  ,iep.». 
iled  ill  llie  p.m.led  wat.-r.s  during:  (^laHal  times,  wluMi  a  lai-e  lake 
covered  liunilre.is  of  scpiare  mil.'s  in  i-.-]ilral  Wasliin^l.m.  and  wli.>a 
the  large  ttranit.-  b.nvl.li.-rs  that  are  f.mti.l  in  Wide  Hollow  «,'i-,- 
dropired  from  ma.sses  of  ice  (ioalint;  in  this  lake,  to  wliic-li  tli.-  nam.- 
Luke  LtnviH  has  been  ^^iven,  Vav\Uev  si«\\K  these  line  la<-ii.slrim' 
dt'iHtnils  jii-e  more  pi-ominent,  nuCl  ea\\  \«i  s^^«\\  i\\.  w.uv;-  \»«\\\\-.  -A.AVi 
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the  roads  south  of  Union  Gap.  In  fact  it  iH  thiH  fine  silt  doposit  which 
renders  these  roads  almost  impassable  daring  the  dry  sc^ason.  Under 
irrigation,  however,  this  land  ])ecomes  of  ^reat  a^ricniltiiral  imi)or- 
tanoe.  Coarser  alluvium,  sand,  and  gravel  cover  portions  of  the 
valleys.  In  no  place,  however,  are  these  an^jis  of  coars(^  material 
large.  Such  gravel  flatiS  Ciin  b<»  seen  near  the  junction  of  Na<;hes  and 
Yakima  rivers,  where  they  form  low  torraees,  l)nt  ov(?n  these  gn.vel- 
covered  areas  are  not  without  agricultural  possibilities,  as  is  prov<Kl 
by  the  orchards  in  the  vicinity. 

STRUCTURE. 

The  geologic  struct.urc?  of  the  North  Yakima  n^gion  is  simple.  The 
manner  in  which  the  rock  formations  are  built  up  to  form  the  crust 
of  the  earth,  or  what  might  be  termed  it*»  architcK*tuns  is  ofU'u  exceed- 
ingly complicated,  and  in  most  localities  tlie  constant  tearing  down 
by  atmospheric  agencies  most  effectually  (conceals  the  plan  of  con- 
struction. In  this  region,  however,  owing  to  the  arid  climate,  the 
action  of  running  water  has  affected  the  surface  very  little,  except 
where  certain  larger  streams  have  cut  their  canyons.  So  it  is  that  the 
configuration  of  the  surface  very  clearly  indicates  the  structure  of 
the  rocks  beneath.  This  direct  relation  l)etween  toix)graphy  and 
structure  is  exertional,  but  its  presence  in  the  vicinity  of  North 
Yakima  renders  it  possible  to  see  and  understand  the  manner  in  which 
the  rocks  have  been  folded,  and  consideration  of  the  structural  rela- 
tions is  quite  essential  to  the  discussion  of  the  problems  (connected 
with  the  artesian  water  supply.  The  parallelism  between  the  surface 
and  the  roc^k  structui'e  is  shown  in  the  fact  that  the  ridges  are  rock 
arches  and  the  valleys  inverted  arches  or  troughs.  In  more  technical 
language,  the  ridges  are  anticlines  and  the  valleys  are  synclines. 

AKCIIKS. 

The  anticlinal  structure  can  Im»  observe<l  at  many  pla(»es  where 
Yakimai  River  has  cut  across  the  ridges,  as,  foi*  instaiu'e,  at  Union 
Gap,  a  few  miles  south  of  North  Yakima,  when*  on  either  side  of  the 
river  the  sheets  of  basaltic  lava  can  be  traced  upward  from  the  river 
level  in  a  broad  arch  extending  high  u[)  on  llu^  steep  sides  of  the  gap, 
and  then  down  again  to  the  river.  (See  PI.  V,  A.)  A  similar  arch  is 
shown  in  the  gap  north  of  North  Yakima,  but  tliert*  the  relations  are 
not  so  distinct,  because  the  Yakima  and  Naches  rivt'i-s  in  their  mean- 
<lers  have  cut  away  portions  of  the  sides  of  the  arch.  Farther  east, 
however,  along  Selali  Ridge,  the  arch  can  be  seen  in  its  entirety.  To 
the  north,  the  next  ridge  which  lies  between  Selah  C'reek  an<l  Hurbank 
Canyon  shows  very  plainly  this  same  arched  strucrture,  and  at  many 
other  places  along  Yakima  River  opportunity  is  afforded  for  observing, 
even  from  the  car  window,  the  geologic  structure  of  the  region. 

Atanum  or  Yakima  Ridge  is  one  of  the  more  prominent  of  the  anti- 
clinal ridf(e8  of  the  district,  and  from  \ta  ptoxAmW.^  \ft  \Jw6  wVRssKswir 
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water  aroa  it  ilesorvoB  a  few  woixls  of  deBCription.  As  a  ridge  H 
begius  in  (lit-  fllnvated  rpgioii  south  of  the  henitiwalers  of  the  Sontli 
Fork  of  Atanuin  Cr«>ok;  thence  it  extoudu  eastward  abotit  25  luiles^ 
lo  Union  Gap,  being  well-defined,  from  2  to  H  miles  broad,  and  rii«tag 
from  1, 000  to  1,500  feet  above  the  bordering  vail ejit,  Ita  slopes  an 
i^ntle  and  it«  cirmt  in  even,  with  a  sligbt  ejititward  ulape.  At  Union 
[jap,  where,  as  already  mentioned,  the  anticlinal  Htritrtnre  of  Ihe 
ridge  is  plainly  revealed,  it  is  ml«rrupt«d  by  a  canyon  1  mile  in 
lenglh,  800  feet  in  depth,  and  as  Bt-«e|i  sided  as  a  railroad  cut.  Fiw 
mileB  eattt  of  Union  Gap  there  is  a  atidrli'n  change  in  the  structure  anCl 
in  the  t(ipograp>iy  of  the  ridgo.  Tlit-  erest  of  the  arch  showH  a  distinel 
wldle  or  traasvenw*  bnnkle,  bo  that  a  low  paw  is  fomnHi  not  more 
i,hftu  100  feet  al»ove  Moxee  Valley,  t«  the  north.  Hero  the  basalt, 
which  is  prominent  on  the  ridge  throughout  its  whole  extent  weat- 
#ard,  drops  below  the  surface,  and  the  RtlenNburg  aandst^ne  over 
ying  the  basalt  is  found  in  the  pass  where  the  wagon  rctad  eroKSw. 
(Caut  of  this  pass  the  arch  of  liasalt'  renp^x^arH,  and  the  ridge  for  the 
Host  par1>  assumes  its  topographic  chara^iter  and  extends  for  many 
niles  to  the  southeast,  where,  a(-cnrding  to  I'nift^tfctor  Itussell,  it  finds 
ts  continuation  in  Rattlesnake  Mountain. 

Selah  Kidgc^,  north  of  North  Yakima,  is  of  the  name  tj-pe  of  wlruc- 
.lire  as  Atanum  Ridge.  It  begins  on  the  north  side  bt  the  lieadwatera 
>f  Atanum  Creek,  forming  Cowiclie  MountAin,  a  well-deflne<l  antl> 
jlinal  elevation  with  a  general  easl-weat  trend.  East  of  CViwicUt: 
Uvuntain  the  ridge  is  wmawhat  tuwtu',  and  is  idao  out  hy  Oowieb*  ^ 
'reek  jind  Naches  River.  Tn  this  portion  it  appears  t«  have  lost, 
mucli  of  its  iMiticlinal  (■)i]ii'a('l<'i',  throii^di  tin-  nn<li'r(Mittiii^^  'if  its 
fliinks  l.y  the  mcaiHl<-i-s  of  V;ikiiri;i  ItJv.-r,  as  alrea<iy  nK'nli..i„.(l. 
East  of  Vakiina    Itiv.-rlh.^  full   an-h  .-an  Ih- se.^n.  aii.l    llic  ri.li:.- .■ou- 

Kiver  is  rcaciu^.l. 

Otlit-r  i'i<lgcs  occur  to  the  north  and  .soiit.li  of  those  jtist  •b'scrihcd, 
and,  like  llicni,  luivi'  a  j;oni'ral  i-ast-wi'st,  l.rcTnl  and  aiv,  witlmui  .'\i-i'p- 
tion,  anticlinal  in  structui-c.  'I'll.'  arches  have  tlat  crests  an<l  si.'cp 
sides,  so  that  wlici-e  l>est  exhibited  tin-  cross  si>ct.!on  is  coniparablr  to 
an  inverted  U.  The  sleep  .Hides  of  llie  atiticlinc  cause  steep  slopes  .if 
certain  of  these  ridgcN,  and  the  '■halite  from  the  gentle  ,sli)pe  near  llji' 
crest  to  the  sl<'C|K'r  sIo[K'  on  the  sidi'  of  the  arcli  is  often  so  suilileii 
that  a  fault  scarp  is  suggested.  A  careful  study  of  these  ridges  in  I  he 
excellent  sections  afTonled  by  the  ;:aps  cul.  by  Vakima  River  fails  lo 
sliow  the  pti'senco  of  any  extensive  or  important  fault,  and  the  lica- 
ernl  absence  of  faulting  may  in  fact  be  mentioned  iis  one  of  Ihc  char- 
acteristics of  the  iT'gion. 

TRounns. 

As  already  noted,  in  the  descripl  ioti  of  tlie  tojjography  of  the  region, 
n  roiispiaiioiiH  featuri!  is  Ute  yvcseucv  lA  Viw^  naW'-j-^,  wUielt  in  their 
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medial  portions  are  crossecl  by  Yakima  River.  Tho  (»orn*8iK)n(lenee 
between  top<^raphy  and  structure  is  expressed  iu  the  noticeable 
(act  that  wherever  one  of  these  east-west  valleys  is  seen  on  one 
rade  of  Yakima  River  its  continuation  is  to  be  found  on  the  opposite 
side.  The  Atanum-Moxee  Valley  is  siK^h  a  depression,  and  is  the 
most  important  in  the  present  discussion,  for  it  is  there  that  the 
Artesian  wells  are  hn'^ted.  This  valley  is  40  miles  long,  about  G 
mile»  wide,  and  has  a  general  c^ast-west  trend,  ])eing  (crossed  by 
Yakima  River  about  midway  in  its  length.  The  slope  from  Yakima 
River  to  either  end  of  the  valley  is  very  gentle,  and  to  the  east  Moxee 
Valley  finds  its  continuation  in  Rattlesnake  Valley,  just  as  Atanum 
ftidge  to  the  south  finds  its  eastward  continuation  iu  Rattlesnake 
Mountain.  The  elevation  of  the  floor  of  this  valley  in  the  vicinity  of 
!^orth  Yakima  is  between  1,000  and  1,100  fei^t  al>ove  sea  level.  The 
itrueture  of  the  trough  is  best  indicated  by  the  fact  that  the  upper 
yeds  of  basalt,  which  occur  on  the  surface  along  the  crest  of  Atanum 
ilidge  to  the  south  of  the  Atanum-Moxee  Valley  at  an  elevation  of 
ibout  2,150  feet,  are  found  at  a  depth  of  about  1,200  feet  below  the 
(urfaco  of  the  valley. 

The  Wenas-Selah  syncline  is  to  the  north  of  Selah  Ridge.  While 
nrenas  Valley  is  not  so  plainly  a  valley  of  the  same  type  as  that 
klready  mentioned,  it  has  an  eastward  continuation  in  Selah  Valley 
rhich  is  exactly  similar  to  Moxee  Valley,  to  the  south,  except  that 
lie  basalt  is  not  so  deep  beneath  the  surface  as  iu  the  latter  valley. 
rhe  valley  of  Roza  Creek  and  Burbauk  Canyon  constitutes  the  next 
iynclinal  valley  to  the  north,  being  followed  by  the  Umptauum- 
ik|uaw  Creek  Valley.  In  these  cases  the  trough  is  well  shown  on  both 
lides  of  Yakima  River.  Farther  north  is  Kittitas  Valley,  a  valley  of 
«he  same  type,  in  which  is  situated  the  city  of  Ellensburg,  and  which 
a  the  next  area  of  agricultural  importance  to  the  north  of  North 
rakima.  South  of  North  Yakima  the  R(\ser\  ation  Valley  has  a  simi- 
ar  structure  and  the  same  topographic  chara(*tei*s. 

Such  of  these  valleys  as  are  imporUint  in  the  discussion  of  tlie  arte- 
lian  problems  will  be  described  more  fully  further  on. 

WATER  RESOURC^ES. 

In  an  arid  region  like  the  North  Yakima  country,  where  extensive 
kreas  are  well  adapted  to  agricultural  purposes,  by  reason  of  the  favor- 
nK  tiopography,  the  coin()osition  and  texture  of  the  soil,  and  the  mod- 
erately high  mean  annual  temperature,  water  l>econies  one  of  the  most 
raluable  natural  resources.  Upon  it  depend  laud  values,  so  that 
.he  proper  conservation  and  utilization  of  the  water  supply  is  of 
rreatest  economic  importance.  Such  a  water  supply  is  in  part  visible 
md  in  part  oouoealed.  The  former  comprises  the  rivers  and  streams, 
tnd  will  be  discussed  under  the  title  of  surface  waters.  The  latter 
noludes  the  water  stored  beneath  the  surfaoe,  or  thft  ^xv^L^t^gc^^^oxv^ 
rater.    Both  have  one  origin,  being  derived  troui  V\i<^  t«\xAa^  vg^^ 
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snowfall,  the  Hiirfaee  waters  representing  the  nin-off  and  the  undm 
ground  w»U>rs  that  portion  which  sinkx  lieneuth  the  HUrfatie.  I| 
an  arid  region  neither  the  surface  watera  imr  the  under-jrouml  waW( 
are  wholly  indigenouH,  but  are  di-rivt^Ml  frijiu  a'l.ioiniiig  areas  whsn 
the  precipitation  i»  heavier,  so  that,  in  order  to  diwusH  inteltigenl^ 
thlM  w'onomio  prol)lem.  olwervation  tnu«t  cover  a  great  expanw  o 
tiouiilrv. 

I  SURFACE    WATERS, 

'  j^lthough  the  area  herein  desoribcil  lii«  within  the  Arid  Ke^fion,  II  i 
close  til  the  western  border  of  that  l»elt,  and  is,  therefore,  well  sUp 
plied  with  (lowing  streaniH,  which  have  their  source  in  the  rooiinteiiw. 
These  will  be  described  briefly,  on  account  of  llie  iniporl-ant  tKwring 
which  tliey  have  iiiKin  the  subject  of  irrigation  in  thi-w  valle>'s. 

I  YAKIMA   MIVER.  I 

The  manter  stream  uf  the  area  is  Yakima  River.     Ea»t  of  thin  nwr    1 
}  ^e  tributjiry  stroania  are  only  seasonal,   but  those  entering  from 
Qie  west  are  more  important.     These  tribntaries,  like  the  Yaklms^ 
'Jbeaid  agaiii8t  the  snow  itfaks  of  ihe  Cajtcitde  Range.     Yakima  Hivpr 
''    I  its  souree  in  Keechelus  Lake,  ulose  t^  the  crest  of  the  rniiKs^ 
^This  lake   is  supplied    with  water  from   the  surnmnding  peaks,  iir» 
'Wfaich  the  snow  remains  until  lal^  summer,  and  iu  many  cases  \ifT— 
fltots  from  year  to  year,     Ktw.^hess  and  (.'lealum   rivers  an?  the  tw«:» 
Umportant  headwater  tributaries  of  the  Yakima,  lieing  the  outlets  »^ 
large  lakes  of  the  same  names.     Both  of  thostt  rivers  are  supplies^ 
throughout  the  summer  by  melting  snow  and  glacier  ice.     The  iwj"*^ 
largt'    tributary    is    Tiiuniiway    River,    which    <lri(iiis    ;iti    rxt.^iisii.  ' 
area  to   the  m.rtli   of  Viikiniii  Valley.     Oilier  ti-ibularics  an-  Sviaiik - 
Reeser,  Taneum.  Mnuaxt-iisli,  Wils.ni.  and  XiLnciiiii  rre.-l;s.  rhr  »alH— 
of  all  of  which  ai-e   used    in   Ihi-    irri^'uliiin    of  Kiuilas   \"all..y,  ih-- 
important   bi-oiul  valley   in  wliicli   Hllcuslmrg  is  sihiaicd.     hi  l^'.i. 
extensive  plans  were  pi-oposcd  by  tlio  NorthciTi  Piicitic  land  dr|i:in- 
ineut  for  irrigating  Yakima  Vnllcy,  and  dciaile<l  sm-vovs  fur  rocrviir 
sites  we i-e  made  on  the  three  lakes  menlioned.      All   of  lln-si-  laki's 
outlet  through  glacial  tlcposiis,  and  it  wils  proposed   l.y  the  NnrllnTii 
Pacilic,  Yakiniii  an<l    Kiltilas  Irrinatiun   t'oiiipaiiy  l'>  ■■mi-iiruc'i   ,-rili 
dams  :{n  feet  in  licight  at  the  lake  outlets.     'I'liis  plan.  Imuev.T.  ^a-^ 
not  earried  out,  altliough  timber  for  the  |.ur[)..se  wa-i  prepar.-.l  an.i 
i-emains  piled  up  at  tlie  onl  let  of  Kee.-heiuy  Lake, 

Several  years  ago  a  caiuil  was  proposed  Ii)  lake  walej-  fnnn 
Yakima  River  at  Kaslon,  and  portions  of  il.  were  crisl  rueti'd.  li  ^ 
known  as  the  Kittitas  \'alley  irrigation  caTial,  ami  if  enrtipieied  il 
would  have  irrigated  a  large  portion  of  that  valley.  At  present  ili'' 
valley,  wliicli  coinprim'S  a  large  amount  of  nralile  land  well  adapti-: 
to  the  cultivation  of  alfalfa  and  the  cereals,  is  irrigaleil  solelv  h} 
local  ditchei*,  which  use  tW  waVi'V^viww  VU«  crei'ks  already  menlinTUHl 
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of  these,  Reeser  Creek,  receiveH  some  water  which  has  been 
ted  into  its  channel  from  First  Creek,  one  of  the  tribut^iries  of 
ik  Creek.  This  diversion  is  interesting,  as  the  water  is  made  to 
w  the  old  abandoned  waterway  through  (rreen  Canyon.  Somc^ 
ipt  has  also  been  made  to  improve  the  water  supply  of  Manastsush 
k,  a  small  dam  having  l)een  built  at  the  outlet  of  Mantistash  Lake, 
at  a  small  amount  of  water  is  store<l  at  that  point, 
ibutary  streams  which  enter  Yakima  River  within  the  area  here 
issed  areWenas  Creek,  Nac;hes  River,  and  ('owiche  and  At^num 
i&. 

WENA8   CREEK. 

enas  Creek  drains  the  limited  area  lying  south  of  the  Manastash 
lage  and  east  of  the  small  tributaries  of  Naches  River.  As  seen 
he  map  (fig.  1),  it  has  a  general  southeastf^rly  course  an<l  enters 
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PlO.  2.— M*p  of  reservoir  site  un  Sherxnan's  ranch,  Wenas  Creek. 

ma  River  about  10  miles  above  the  city  of  North  Yakima.  It 
IS  a  broad,  fertile  valley,  which  was  early  settled,  IxMiig  on  the  old 
road  between  The  Dalles  and  Kllensburg,  and  the  region  beyond. 
Ition  along  the  stream  has,  therefore,  been  developed  to  a  con- 
ible  extent,  and  the  ditches  built  effected  so  complete  a  diver- 
of  the  water  during  the  dry  seasons  that  lawsuits  have  been 
fht  to  determine  a  proper  division  of  the  water.  The  courts  have 
ed  a  more  or  less  equitable  division,  but  this  solution  of  the 
em  is  not  wholly  satisfactory,  and  attempts  have  been  made  to 
e  a  system  of  storage. 
9  natural  basin  in  sees.  2  and  3,  T.  15  H.^R.  \1  Y^.^^^^n^^^ts^ss^xsiA 
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by  Mr.  Cyrus  C.  Babb  in   189S.     The  pp«u1i«  of  the  survey  i 
that,  time  are  gtv<^ii  iti  the  following  table: 


gU«  onA.L,  Shurman't  ranch,  Wtrmvi  (^rrrk. 


I 


r^u»,. 

»- 

OtvatT- 

JS& 

■«.        ~' 

1 

iaa!u 

i 

1.14S 

Artr-fnU 
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'  A  ^mjlar  iiivestigatioQ  was  made  by  Mr.  Sydney  Arnold  1b  4* 
"gtimnier  of  1000,  when  what  is  knuwn  an  the  O'Neil  reservoir  sitn  wa 


Hiii-vi'yeil.  Tlif  fcstiiliiifT  iii 
i;(iiiliiui-w.  Till'  li'TijrIh  of  til 
top  lflD(;:th  at  an  ■■IcvaliiiTi 
eaiHicity  of  lln 


up  is  ri'pnHhtped  here  (tifr.  -I)  in  lU-foot 
'  ilaiii  fit  the  base  woiilil  be  iHi  feet;  tie 
if  m  feet,  w.nil<l  be  ;J5n  feel.  The  toUl 
h  a  liatii   'if  that  height  would   l>e  1,753 


acre-feet,  Jinil  the  capiwiiiy  wiili  a  liam  tO<>  feet  hi(;h  would  l>e  3,519 
acr^feet.  Kesult«  of  the  survey  are  disnii pointing,  in  that  the  txital 
pojifeut  of  the  ix'servoir  is  snuill  coiiipared  with  the  siae  of  tlie  dwiii 
n-qnhvii.      A  view  uf  Uie  .Uiii  mVi-  \ft  >.Wi'«\\  u\  1*1.  Ill,  .1.      The  r<j|- 


.1 


SUBFAOB   WATEBS. 


29 


owing  table  gives  the  capacity  of  a  reservoir  at  this  site  for  every 
O-foot  eoutour: 

Capacity  of  O^Neil  reservoir  site  on  Wenas  Creek. 


Contour. 


Feet 

0 

10 

» 

ao 

40 

GO 

eo 

70. 

w 

90 

100 


Area. 

CaiMunty. 
Acre-feet. 

ToUl 
cuiMU'ity. 

Acre-feet. 

Acres. 

0 

0 

0 

1.8 

1 

1 

4.9 

34 

35 

9.0 

70 

105 

15.3 

121 

2SK 

25.0 

^1 

427 

36.4 

307 

734 

50.1 

432 

1.1«6 

67.3 

5K7 

1.753 

«7.6 

m 

2,527 

110.8 

99S 

3,.'>19 

An  attempt  has  also  been  made  by  some  of  the  iHiR^hei*H  in  Wenas 
iTalley  to  divert  waters  tributary  to  Naches  River  around  the  south- 
ern slope  of  Bald  Mountain  into  the  North  Fork  of  Wenas  C'reek. 
iiV^hen  seen  in  the  summer  of  1900  the  ditch  dug  for  this  purpose  did 
lot  appear  to  be  a  success. 

■ 

NACHES  RIVER. 

Naches  River  is  considered  the  most  important  stream  for  irrigation 
Purposes  iu  the  State  of  Washington.  It  reaches  Yakima  Valley  at 
^  point  where  its  waters  are  immediately  available  for  irrigating  exten- 
^ve  areas  of  the  best  agricultural  lands.     Already  a  number  of  irriga- 

• 

ion  systems  take  water  from  this  river,  and  in  view  of  new  irrigation 
Projects  its  storage  possibilities  have  been  investigated  by  the  liydro- 
•J'aphic  division  of  the  Geological  Survey. 
In  the  summer  of  1897  Mr.  Cyrus  C.  Babb  made  a  survey  of  a  reser- 
oir  site  at  Bumping  Lake,  on  Bumping  River.  This  lake,  which  is 
within  the  Mount  Rainier  Forest  Reserve,  lies  close  to  the  crest  of  the 
'ftscade  Range  and  is  surrounded  ])y  liigh  peaks.  Its  shores  are 
overed  with  dense  forests.  On  August  26,  1897,  a  measuroment  of 
^le  discharge  at  the  outlet  was  made,  giving  83  second-feet.  At  that 
me  the  water  surface  was  115  feet  wide.  The  water  marks  around 
16  lake  show  an  annual  fluctuation  of  about  3  feet.  Its  height  may 
iach  7  feet  during  exceptionally  wet  seasons  or  after  a  winter  of 
eavy  snowfalls.  At  a  height  of  10  feet  the  water  surface  would  be 
X)ut  150  feet  wide.  The  length  of  the  propos€»d  dam,  at  a  height  of 
i  feet  above  the  bed  of  the  river,  would  be  480  feet.  The  area  of 
e  lake  is  631  acres;  the  area  at  the  25-foot  contour,  the  height  of  the 
oposed  dam,  is  1,153  acres,  giving  a  reservoir  capacity  of  22,300 
re-feet.  The  Northern  Pacific,  Yakima  and  Kittitas  Irrigation 
>mpany  surveyed  this  site  in  September,  1894,  and  prepared  for  con- 
ruction  by  hewing,  in  the  immediate  vicinity,  tamarack  timbers  for 
e  dam.  These  are  now  piled  up  at  the  outlet  of  the  lake. 
Tieton  Rivery  which  enters  the  Naches  about  15  miles  above  its 
>athy  is  an  important  stream,  and  being  m  ^^«AAt  "^^tsf^^  1^  \r^ 
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glauial  struMins  it  iiiaintHins  a  largo  discharge  during  the  hot  inontb 
of  Kuuiiner,  when  its  waters  are  most  needed  for  irrigation  pnrpoaen 

The  Noi-th  Yakima  region  is  tlie  most  extensively  irrigatwi  of  iiny 
diatrii-t  in  the  State  of  Washington,  and  the  ini|>orl«n<M^i  of  Hwhm 
Kiver  in  shown  by  the  canals  which  I«ke  water  from  it.  Some  "f  Iho 
priueipal  of  tliese  may  here  be  mentioned. 

The  Selah  Valley  irrigation  canal  is  on  the  north  nide  of  Nai-haa 
River,  its  intake  tu-ing  Just  al>ov«  the  nioath  of  Tieton  River,  h  is 
about  30  miles  in  length,  and  irrigates  abtnit  3,000  acres,  nrider  tiiiti- 
vation,  in  Naehes  and  Helah  valleys.  Below  this,  on  the  north  side, 
head  the  Wapatnck  and  Nai'hes  i-anals,  17  and  7  miles  long,  respec- 
tively, which  irrigate  tlie  bottom  landtn  of  Nachea  Valley. 


I 


(111  lhe«,.iitli  side  llii-  Yakiiriii  Viilh'V  i-jnml  heads  ;iljoiil  lu'iiiil''" 
froiii  NoH.li  Viikiirui.  (Nee  IM.  IV.)  Kor  the  liml  Iti  miW  nf  ii^ 
<-oiirM-  it  is  ill  n  lliiini'.  Al  Mie  liifrh  point  known  as  Pictured  I{>"-U 
it  is  eiirrii-d  around  on  (i  Ireslle  jiIjoiiI  7U  feet  high,  Hud  llicii  enis-t^ 
(.'owi.-lie  Canyon  in  an  inverli-.l  siplii.n;  tlii-nee  it  i-onlinnes  in  lliinir 
and  ejinul  nronnd  into  Whle  Hollow,  hut  it  luis  nol  been  fonnd  i-\\«-- 
dient  to  e\ten<l  it  farther  into  Atjinnrn  Valley,  foe  the  n-ason  thriltU'' 
eanal  is  not  high  enough  to  eovui'  iniieh  of  the  valley,  and  becutiw  il 
carries  hardly  snffieient  wjit.er  for  the  lanri  now  under  it,  for  whicb 
water  rights  have  iK'en  sold.  The  length  of  the  eanal  is  Ifi  niiies.  anil 
it  irrigates  3,000  aeres. 

The  llnbbard  ditch  heads  i-l.ise  lo  i'ieiured  Roekn,  on  the  siuith  siiie 
of  ^■a(■h^■.sRivL'r,  just  below  l  lie  hriil^iM-cossing  that  stream  (I'l.W  Ki 
This  ditch,  with  the  Vakimn  Water,  I.ighl  and  Power  l'oiiip;iiiyS 
eanal,  and  llie  Shanno,  Hniadgage.  I'nion,  and  Town  ditchi's,  wliiib 
hoitd  hetiveen  the  llubbiu-d  i\\Ve\v  vuvd  the  lower  highway  liridfre,  in 
the  onler  iiiinied,  servei^  Ui  wiUev  \W  V.vw\w  \«  Wv.- \u\.\\wC\:v,\.\^  syUiii) 
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I^devisi' a  BliirHtje  system.     The  pluti  wlopttMl  was  th«  construction  of 

iarescn'oiroii  the  ])lftteAu  between  t'owiche  Grpek  niid  NHohes  Riv«. 
Anaturul  ilepression  in  the  surf ii«e  of  the  hard  aiideflitic  lava  flow 
»  wan  utilized,  and  retaining  dame  were  cwnstructed,  mulcing  a  nwr 
|l  yoir  which  can  l»e  filled  during  the  flood  season  in  the  early  spring. 
At  whiob  time  an  abundant  supply  of  water  is  furimhed  by  the  Norti 
Fork  of  Cciwiche  Creek.  This  reservoir  d<ies  not  hold  sufllicient  waW 
to  irrigate  more  than  a  very  small  portion  of  the  Cowiehe  bottoa 
lands,  but.  it  is  of  inleretit  as  it  is  the  lirst  of  its  kind  in  the  Stat«. 


'i 

.<fe^ 

i. 

^s^ 

Xki -s r-- 

■slfrii   poHii 


AT.\NUM    I'KKKK. 

Atjtiiiim  Vulley,  which  iin-lii.li-s  Ihe  sou 
Niirlh  VHkiniii  (ircn.  wiis  mw  of  the  eiirlii.-f 
vidinily.  lien-,  ;i^';iiJi.  nrnrl.v  ;ill  ur  lln-  (ivuil.ilili'  siiiiiiimt  IImw 
<TPckhjisli.-..|.  ulili/.<>.i  for  ini;,'al  ion,  iiri<!  iis  ;i  .-niLM^-iiK-ti.-c  n  n 
of  cases  have  bci-n  trii'ii  in  tin."  cmiris.  During  I  ho  si'jikoii  of 
ally  low  Wilier  in  !S!L'  au  a.'licn  was  l>rou,i,'ht  in  tht-  siipt-ritir  <-. 
Yakiniii  Counly,  by  i-.'rlain  riparinn  iiniprielor.s  on  Alunuui 
"  to  ri'.-stnun  i-crtaiu  jii)pnipriittiir.s  fi'oni  divortinjr  the  water 
Hlrcam  from  almvc  and  wnnlni'ting  (hi'  yiariu'  lo  and  from  Ihei 
situnliid  lit  ii  dislani^i'  Iben-ivrnw,  U>v  \\w.  v\vv\»>w  of  irrigaliun.' 
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iction  was  granted,  and  the  case  was  appealed  to  the  State 
nae  court,  where  it  was  upheld,  b}'  decision  rendered  July  2, 1897. 
"ge  tract  of  land  is  under  cultivation  on  the  benches  north  of  the 
*,  and  it  would  seem  that  under  this  decision  irrigation  will  have 
)  discontinued  unless  water  can  be  obtained  from  other  sources. 
I  July  26,  1897,  the  discharge  of  Atanum  Ci-eek  just  below  the 
tion  of  the  North  and  South  forks  was  40.1  second-feet.  This  is 
e  the  head  of  most  of  the  important  canals.  In  July,  1897,  a 
«  of  measurements  of  Atanum  Creek  and  the  canals  takiug  water 
dfrom  was  made  by  Mr.  Cyrus  C.  Babb,  for  the  purpose  of  deter- 
ng  the  seepage,  or  the  amount  of  water  returning  to  the  creek, 
following  table,  prepared  by  Mr.  Babb,  gives  the  results  of  these 
surements: 

targe  measurementa  made  in  Jvly,  1897 ^  of  Atanum  Creek  and  canals  taking 

tuater  therefrom. 

Second-feet. 

North  Fork  of  Atanum  Creek  above  Anderson's  ranch,  sec. 

12,  T.  12N.,R.  15E 50.1 

Cox  ditch  at  Charles  Anderson's,  sec.  12 6. 9 

Two  small  ditches  below  Cox  ditch,  sec.  12 1.0 

Sloogh  at  Dan  Kinney's  house,  sec.  7,  T.  12  N.,  R.  16  E 4. 5 

North  Fork  road  bridge  near  Tampico,  sec.  18 25. 2 

Waste  water  near  Allen  s  hoase  (into  creek) 2. 2 

Atannm  Creek  below  forks,  sec.  17 40.1 

Dan  Lesh  ditch,  sec.  16 6 

Atanmn  Creek  at  Narrows,  or  Rocky  Cliff 49.8 

Herke*s  ditch  (upper), sec.  14 5 

Herke's  ditch  (lower) ,  sec.  14 5 

Morris  ditch  above  North  slongh 2.5 

Small  Catholic  Mission  ditch 8 

North  slongh  above  mission, sec.  13 23.4 

Atannm  Creek  100  feet  below  Middle  slongh 9.0 

Middle  or  Second  slongh  75  feet  below  head,  sec.  18,  T.  12  N., 

R.17B 9.8 

Lynch  ditch, sec.l7 3 

Yallnp  Indian  ditch,  sec.  16 8. 4 

Atannm  Creek  below  Indian  ditch 8. 4 

Simpson's  ranch  ditch 3.0 

Woodhonse  ditch  . . 6 

Atannm  Creek  at  Woodhonse  ranch,  sec.  14 7 

Atannm  Creek  at  Tanner  bridge,  sec.  8,  T.  12  N. ,  R.  18  E .8 

Indian  ditch,  sec.  8 1-0 

Atannm  Creek  at  line  between  sees.  11  and  12 9 

Waste  slongh,  sec.  I 2.5 

Wide  Hollow  waste  slongh,  sec.  1  -  ... 14.9 

Atanum  Creek  at  Union  Gap  bridge,  sec.  8,  T.  12  N. .  R.  19  E .   12. 5 

September,  1898,  a  reconnaissance  was  made  by  Mr.  Babb,  for 
purpose  of  thorough  1}''  exploring  the  upper  basin  of  Atanum 
k  to  ascertain  whether  there  existed  any  possible  reservoir  sites 
hich,  by  the  construction  of  suitable  dams,  the  spring  freshets  of 
stream  could  be  stored  and  used  upon  the  irrigable  lands  below 
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during  times  of  low  water.     The  results  of  this  invostigntion  were  dis- 
appointing, no  reBBi'voir  sites  being  fouod. 

Ill  order  to  determine  whether  an  additioDal  water  supply  for 
Atanum  Valley  could  not  be  obtained  by  the  diversion  of  some  of  rhe 
tribiitjiries  of  Klickitat  River  across  the  divide  into  Atanum  Biwin, 
ill  August,  1900,  Mr.  Sydney  Arnold  made  a  reconuaissanee  of  tbe 
Klickitat  Basin.  Diamond  Fork  of  Klickitat  River  and  South  Fork  of 
Tieton  River  receive  their  waters  from  the  peaks  of  Goatroob  Monn- 
tains,  which  are  covered  with  snow  throuKhout  the  year,  thus  ins^l^ 
ing  u  constant  supply,  (ioid  Fork  of  Klickitat  River,  the  only  strcAnt 
to  be  considered  in  this  connection,  drains  a  lower  country  and  has 
not  so  abundant  a  supply.  Mr.  Arnold's  investigation  showed  tlw 
futility  of  any  diversion  from  the  Klickitat  Basin  into  the  Atanum 
Basin,  Gold  Fork  is  lower,  by  at  least  1,000  feet,  than  the  lowest  ele- 
vation of  the  divide  between  it  and  the  basin  of  Atunum  Creek.  Tbe 
lowest  point  of  the  divide  between  the  Tieton  and  Gold  Fork,  an 
shown  by  leveling,  is  lower,  by  several  hundred  feet,  than  any  jwinl 
on  the  Atanum- Klickitat  divide,  so  that  none  of  the  waters  of  Gulil 
Fork  can  be  carried  over  to  At.anum  Creek. 

GAGING  STATJONS  AND   HECOEDS. 

A  number  of  gaging  stations  have  Iwen  maintained  by  the  Uniled 
States  Geological  Survey  on  Yakima  River  and  ila  main  tribniari", 
Naches  River.  Un  August  14, 1893,  a  station  was  established  on  the  lat- 
ter stream  at  the  highway  bridge  a  short  distance  above  its  mouth.  (See 
PI.  V,  B.)  Owing  to  the  ehange  in  the  channel,  by  excesHive  floods, 
the  station  was  discontinued  in  1H97,  but  was  resumed  the  following 
year,  from  whidi  time  cimtinuous  i-eoonis  have  been  maiutaine*!. 

A  gaging  station  on  Yakima  River  was  established  at  Union  Gap, 
7  miles  below  North  Yakima,  oq  August  H,  1893,  but  eouliniunw 
records  have  been  nminlained  only  since  August,  1896,    (See  PI.  V,A.] 

In  iy97  an  attempt  was  made  to  obtain  data  regarding  the  flonnf 
Naches  River,  and  accordingly  a  gaging  station  was  established  (iii 
Yakima  Kiver  at  the  Selah  bridge,  i  miles  above  the  mouth  of  Nat'he- 
Rivfi',  tlic  idea  being  that  the  difference  between  the  discharge  at  lln' 
sliil  ion  nt  Union  Gap,  below  Nnches  River,  and  that  at  Selah,  above 
I  111-  iiviT,  would  give  the  dischai^e  of  that  stream.  The  results  wpn 
iioi  iilliigether  sivt isfactory,  however,  for  the  canals  of  Moxee  Valloy 
divert  water  between  the  two  stations,  and  some  waste  water  from  thi 
Naches  River  canals  enters  between  the  two  points.  It  was  for  thi^ 
rejuson  that  the  Naches  Mtation  was  resumed  in  1898. 

Till'  following  tables  give  the  monthly  discharges  at  the  threi- 
slaliiins  mentioneil  for  the  periods  during  which  continuous  reconl* 
have  Iwen  kept. 

More  detailed  descriptions  of  these  stations  will  be  found  in  ilv 
various  annual  reporls  of  the  (ieiilogical  Survt-y,  Part  I\",  and  ii: 
Wiiter-Suuiilv  Pauei-s  Nos.  l(i.  2H,  and  38. 
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UNDERGROUND  WATERS. 
GENERAL  CONDITIONS. 

Often  the  concealed  water  is  the  most  important  supply  of  a  rep^ion. 
If  the  surface  is  hard  and  not  well  adapted  to  receive  moisture,  a  largt* 
part  of  the  rainfall  is  contributed  to  the  run-off;  or  if  the  surface  is 
poorly  drained,  evaporation  may  claim  a  large  share.     Ou  the  other 
hand,  where  the  soil  is  sandy  and  open  in  t^^xture,  the  perct^ntage  of 
rainfall  that  sinks  into  the  ground  may  be  considerable.     The  course 
which  such  waters  take  after  their  disapiieamnce  btMieath  the  surface 
depends  upon  geologic  conditions.     The  presence  of  an  impervious 
sabsoil  or  rock  floor  will  cause  the  retention  of  the  moisture  immedi- 
I    ately  beneath  the  surface,  where  it  is  within  the  reach  of  vegetation, 
■  {    and  is,  through  the  agency  of  plants  and  the  ju»tion  of  capillarity, 
j    brought  again  to  the  surface  and  eventually  evaporattnl,  never  con- 
tributing to  any  general   storage  of   underground  watei*s.     In  the 
Takima  Basin  these  conditions  are  found  at  many  lo(*alities  where 
deposits  of  fine  soil,  of  alluvial  or  possibly  of  a^olian  origin,  directly 
overlie  the  solid  basalt.    The  northern  slope  of  IJmptanum  Ridge  is  a 
good  example,  and  it  is  there  that  the  '^dry  "  cultivation  of  wheat  and 
barley  is  found  to  be  practicable. 

GROUND  WATER. 

More  commonly  the  water  seeps  through  the  subsoil  and  seeks  lower 
levels,  directed  in  its  couree  by  the  i-elative  porosity  of  the  various 
layers  of  soil  or  rock  encountered.  Where  the  underground  water  is 
unconfined  and  practically  free  to  keep  its  own  level,  it  may  l)e  termed 
ground  w^ater.  Such  conditions  obtain  where  the  impervious  ted  sim- 
ply underlies  the  water-carrying  strata.  Thus  the  ground  water  may 
be  said  to  form  an  underground  drainage  system  roughl}'  comparable 
to  the  system  of  surface  streams.  In  the  und(»rground  system,  how- 
ever, there  is  less  concentration  into  streams,  and  the  rate  of  flow  is 
much  less  rapid,  since  the  water  circulates  through  the  minute  spaces 
between  soil  particles  or  rock  grains.  Where  r(*latively  impervious 
rocks  are  traversed  by  joints  or  fissures  these  openings  become  chan- 
nels for  underground  waters,  and  th(*n  the  conditions  are  more  favor- 
able for  rapid  flowage  than  in  the  ordinary  pore  openings  of  the  most 
porous  rock. 

The  availability  of  the  ground  water  is  governed  by  geologic  rela- 
tions. The  character  and  attitude  of  the  diflferent  rock  formations 
directly  affect  the  position  of  the  water  table  or  the  upper  surface  of 
the  zone  in  which  the  soil  and  rock  are  saturated  with  water.  Where 
porous  sandst-one  or  loose  open  sands  and  gravels  overlie  beds  of  clay 
or  impervious  rock,  the  zone  of  easy  passage  by  the  underground 
waters  is  well  detined.     If  such  water-carrying  beds  are  near  the  sur- 
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face  they  constitute  tlie  soiirt-e  nf  BUpply  for  sarface  wells;  and  if  the 
*  wat*>r-s)itu rated  beds  reauh  the  8urfa«e  the  grouad  water  is  returned 
to  the  Hurfiic-e  ilrninnge  ?tyst4»m  thi-ougli  the  agency  of  springs.  Iiinn- 
meratile  examples  of  the  tiMIizatiou  of  the  uDdei'groiind  supply  of 
water  in  the  Vakima  region  ooiild  be  cited.  All  of  the  surfaro  wells  of 
the  lower  valleys  derive  their  supply  from  the  water-saturated  annds 
rand  coarser  alluvium.  In  localities  where  the  wells  are  close  I«  tlw 
jt^reain  it  is  probable  that  the  well  water  is  derived  from  the  underflo* 
»^r  underground  portion  of  the  stream.  This  is  plainly  the  case  where 
■file  surface  stream  is  seasonal  in  character  and  only  the  uniierflon 
"ipersists  through  the  summer.  The  North  Fork  of  Cowiche  Creek  l« 
I'Wich  a  stream,  and  shallow  wells  have  been  dug  in  the  stream  bed  w 
N  reach  this  underflow  and  thus  insure  u  water  supply  duriug  the  dry 
■■  season.  As  an  example  of  the  useof  the  available  ground  water  in  roct 
Ijltlose  to  the  surface,  the  tunnel  driven  horizontally  into  the  hill  slope 
Ion  a  ranch  on  Wenas  Creek  (seo.  11,  T.  15  N.,R.  17  E.)  may  be  oiW, 
^^3Ti6  water  which  permeates  the  (tandstone  is  in  this  manner  coili'ftwl 
''  and  piped  to  tlie  house.  Tn  the  same  valley  these  porous  sandstone 
ijbeds  also  feed  numerous  surface  springs. 

l'  ARTESIAN    WATBK. 

If     The  second  class  of  underground  wat#r  is  water  under  pressure- 
"Where  confined  within  a  poi-ous  bed  between  impervious  strata  the 


action  of  the  wati'r  itt  iliffi'reut  from  that  of  the  ground  waTer  jiisl 
described.  When  such  a  wnlcr  horizon  is  reached  by  ii  well  ihiy  con- 
lined  water  rises  and  is  said  to  he  ai-tesian,  whereas  grounil  waltr 
simply  Hows  into  a  well  opening,  never  rising  above  the  surface  of  thf 
zone  of  Maturation.  The  degree  to  which  the  water  posses.ses  the  ari*^ 
sian  property  is  I'onI  rolled  by  the  pressure,  and  thisiis  most  important, 
sinee  upon  it  ilepentl.s  whether  I  hi.' artesian  well  is  a  flowing  or  it  pump 
ing  weli.  Fig.  H  illiislniU-H  an  artesian  basin,  and  shows  the  relalioii 
of  the  porous  lied  and  Ihe  impervious  strata. 

The  essential  conditions  of  artesian  water  are  geologic  and  to{H>- 
graphic;  that  is,  they  involve  both  the  underground  strnelui-e  ami 
the  surface  eoufiguration^the  occurrence  of  permeable  or  iwmu- 
rock  bed.s  or  strata  between  other  beds  relatively  impervious,  thf 
disposition  of  these  strata  in  basiu-like  form,  and  the  relatively  hi^li 
outcrop  of  the  edges  of  the  permeable  strata.  It  will  be  noticed  thiit 
two  of  these  eouditious  depend  upon  geologic  structure,  while  the 
third  relates  to  the  topographic  features  of  the  region. 

Till-  prc'seijce  of  a  porous  stratum  between  impervious  strata  i-' 
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lecessary,  beoanse  it  constitutes  the  area  of  accumulation  or  storage 
it  underground  water.  The  water-carrying  bed  may  be  sand  or 
amdstone,  the  interstices  of  which  afford  reaiiy  passage  for  the  cir- 
mlating  waters.  When  confined  by  underlying  and  overlying  imper- 
ious rooks,  such  as  clay,  shale,  or  some  dense  and  compact  igneous 
ook,  the  porous  stratum  becomes  saturated  with  water,  which  can 
Lnd  outlet  only  through  the  porous  1>ed  itself. 

The  second  condition  mentioned  as  essential  is  the  basin  or  trough 
(tructure  of  the  rock  strata,  shown  in  fig.  6.  This  structure  is  a  con- 
irolllng  factor,  because  the  water-carrying  strata  must  in  no  place 
^eaeh  the  surface  at  a  lower  level  than  the  elevation  of  the  well.  A 
ower  outlet  would  prevent  the  storage  of  water  under  pressure,  with 
he  result  that  the  water  would  fail  to  rise  in  the  well,  in  which  event 
ihe  supply  tapped  would  not  be  artesian,  but  of  the  nature  of  ground 
irater,  as  already  explained. 

The  third  controlling  condition  is  the  existence  of  an  adequate 
lource  for  the  artesian  water.  The  outcrop  of  the  porous  beds  at  the 
inrfaee  constitutes  the  area  of  supply  or  imbibition.  Here  surface 
ind  ground  waters  i)ass  downward  and  enter  the  artesian  basin  or 
irea  of  accumulation.  To  adopt  a  common  illustration,  the  outcrop 
>f  the  water-carrying  bed  may  be  compared  to  the  intake  of  a  city 
wAter  main  at  the  reservoir;  thence  the  city's  water  supply  is  carried 
leneath  the  surface,  but  is  available  wherever  a  surface  pipe  taps  the 
nain  and  brings  the  water  to  the  surface  again,  the  pressure  at  any 
lydrant  being  directly  dependent  upon  the  elevation  of  the  reservoir. 
rhis  comparison  of  an  artesian  basin  to  a  city  water  system  of  the 
gravity  type  may  be  found  helpful  to  the  practical  man. 

If  all  of  the  conditions  specified  obtain  in  a  region,  an  artesian 
irater  supply  is  assured,  and  the  water  which  is  stored  in  the  artesian 
Misin  can  be  tapped  by  a  well  driven  through  the  confining  cover, 
bus  affording  an  outlet  for  the  water  which  saturates  the  porous  beds. 
Phe  height  to  which  the  artesian  water  will  rise  in  the  well  is  depend- 
ent upon  the  head  or  pressure,  which  in  turn  is  dii*ectly  controlled  by 
ihe  elevation  of  the  upper  end  of  the  water  body,  or  the  point  whore 
lie  water-saturated  beds  reach  the  surface.  If  the  mouth  of  the  well 
8  relatively  lower  than  the  point  where  the  beds  receive  their  supply, 
lie  pressure  will  be  sufficient  to  force  the  artesian  water  to  the  sur- 
!ace,  and  the  well  will  be  a  flowing  well.  If,  however,  the  mouth  of 
lie  well  is  higher  than  the  outcrop  of  the  water-carrying  beds,  the 
irater  in  the  well  will  not  reach  the  surface,  and  pumping  will  be 
lecessary.  Friction  within  the  water-carrying  beds  and  the  well 
casing  of  course  enters  as  a  factor,  slightly  decreasing  the  pressure. 

The  facts  which  bear  directly  upon  these  three  essentials  of  artesian 
¥ater  must  be  ascertained  in  different  ways  and  with  varying  degrees 
>f  success.  The  area  of  accumulation  or  storage  is  subterranean,  and 
liereforeis  known  only  through  '4ogs"  or  well  records.     Geologic 
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jhservfttions  of  the  eurrounding  eountry — the  more  widely  extended 
;he  better— also  afford  li  b»siB  for  a  comparativeh-  oocurate  knowl- 
EHJge  of  the  underground  conditionn,  Thin  Is  equally  true  of  the 
second  factor,  the  structure.  AeoufHle  nutpping  of  the  geolope 
Fonnations,  with  careful  study  of  their  stnieture,  enables  the  geoto- 
^8t  to  estiinat*  the  prolMibility  of  the  presence  of  an  artesian  walw 
iupply.  The  third  eondition  is  directly  available  for  study,  since  ttw 
*rea  of  supply  or  oul«rop  of  the  porous  bt*ds  is  at  the  surface,  and 
>bsor\'alion  can  be  made  of  the  areal  extent  of  the  outcrop  and  Uie 
itnounl  of  precipit«tion,  which  factors  directly  affect  the  supply  of 
vater  and  the  storage  area  below,  and  a  knowledge  of-  them  ih  dpcm- 
iary  to  any  discussion  of  the  amount  and  constancy  of  an  artesiaD 
water  supply. 

ARTESIAN    BAKIN8. 

In  the  light  of  the  foregoing  discussion  of  general  principles  it  mij 
l>e  well  t^e  descrilH>  now  certain  areas  of  central  Washington  which 
fK>Rt*es8,  or  are  thought  U*  possess,  artesian  water.  At  present  then 
IS  known  within  this  region  no  artesian  basin  which  van  be  oonipared 
;o  such  l>asius  in  other  part«  of  the  country.  As  before  slated,  cen- 
tral Washington  is  unique  in  the  geologic  structure  of  ita  mountain 
ridges  and  valleys.  The  conditions  which  exist  in  the  one  known 
iirtesian  basin  are  peculiar,  and  for  that  reason  require  special  eon- 
iideration.  The  presence  of  a  sopply  of  artesian  water  where  it  could 
tianlly  be  expected  renders  careful  study  of  the  geolo^c  ooodilioiil. 
imperative.  To  this  end  a  description  of  the  Atanum-Moxee  Basin 
is  iircfssary.  .■mil  llic  kninvlcd;;)'  Ihiit  is  Jic<iiiin-<l  Iruiii  ii  study  of  itial 
ai-lL-fi;in  Ihisli.  ran  iL-aiijilird  To  Ihc  oilier  an-as  wlinv  wat.-r  isilrsimi 


'I'lie  Alaniim  and  Moxcc  valleys  fM'ciii)y  tjie  synclinal  fold  «r  lniii|;li 
■  iescribed  iiii  [mhv  •-'■''.  Tin- sirni'tiire  of  this  coinposite  valley  liei-omes 
its  must  iiii]>()rtaiit  1'<:a1urt'  in  reltilinn  to  its  value  as  an  ai'lesian  l)iisiii, 
and  il  will  lie  si'cii  In  possess  the  form  esseiitial  to  make  il  a  rcsc-voir 
for  artesian  water.  The  valley  itself  may  be  descrilwd  as  cant* 
shaped,  but  the  trough  structure  of  the  underlying  rocks  is  man' 
acceiiliiated,  and  may  heller  Ix;  eompaii'd  to  a  flat-lwltoined  .senw. 
For  15  or  more  miles  along  the  central  p.-irt  of  this  rock  fold  the  l>e'ls 
have  little  slope  or  dip,  but  at  each  <'nii  Ihcre  is  ji  ratlu-r  sudden 
change  to  an  upwaiil  »lo|)e.  Thus,  while  l>  miles  east  or  west  iiC 
^'akiina  River  the  base  of  tJie  Elleusburg  sjindstone  or  the  top  of 
the  Viikima  basalt  is  al  a  depth  of  from  1,IMH)  to  I.l'imi  feet,  a  few 
miles  beyond  it  is  much  nearer  the  surface.  In  Atanuni  Valley  the 
slope  of  the  bottom  of  lliis  rock  trough  is  known  from  a  well  record 
and  fnun  surface  observations.  Less  llian  2  miles  east  of  the  villa^'e 
of  Atanum  the  upper  surface  of  the  basalt   is  more  than   l,iiX'  feel 
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afh  the  valley  floor,  while  6  miles  west  of  that  place  the  basalt 
an  at  the  surface.  This  represents  a  total  upward  slope  at  this 
)f  the  trough  of  more  than  1,700  feet,  while  west  of  Tampico  the 
t  sheets  slope  upward  even  more  rapidly,  until  the  top  of  the 
ung  rid^  is  reached.  The  outcrop  of  the  basalt  for  a  few  miles 
:Atanum  Creek  below  Tampico  is  due  to  a  step-like  interruption 
e  ^neral  eastward  slope  of  the  rocks  at  that  point.  This  is 
rtant,  as  will  be  explained  further  on,  because  the  water  horizon 
jhe  base  of  the  EUensburg  sandstone  is  here  brought  to  the  surface. 
the  sides  of  the  Atanum-Moxee  Basin  the  upward  slope  of  l)oth 
irface  and  the  rock  beds  is  quite  abrupt,  but  the  dip  of  the  rocks 
leper  than  the  slope  of  the  surface.  In  the  vicinity  of  Union 
knd  westward  for  a  few  miles  along  the  southern  wall  of  the  basin, 
SUensburg  sandstone,  wherever  observed,  is  sharply  upturned, 
lips  of  50°  to  80°  can  be  seen,  while  at  a  few  points  the  rocks 

in  a  vertical  position  or  are  slightly  oveHunied.  This  is  also 
)n  the  north  side  of  Wide  Hollow,  near  Naches  River. 
lile  this  area  has  the  essential  basin  structure,  it  will  be  noticed 
oe  that  Yakima  River  has  cut  across  the  rim  of  the  basin  at 
s  approximating  1,000  feet  above  sea  level.  At  that  level,  then, 
»wer  beds  of  the  EUensburg  formation  occur  under  the  alluvium 
e  river  bed,  and,  since  these  beds  constitute  the  water  horizon, 
tsumably  would  follow  that  the  artesian  basin  would  be  tapped 
at  leveL  Furthermore,  these  being  the  lowest  points  in  the 
am-Moxee  Valley,  no  flowing  wells  could  reasonably  be  thought 
ble  there;  but  such  wells  do  exist,  and  will  be  described  further 
nd  as  they  occur  more  than  100  feet  higher  than  the  sea  level,  it 
dent  that  the  artesian  basin  is  not  tapped, 
anomalous  a  condition  of  course  requires  an  explanation.  Two 
tiheses  may  be  advanced  to  account  for  the  absence  of  leakage 
e  river  level.     The  cover  of  fine  alluvium  may  be  so  imper- 

as  effectuall}'  to  seal  the  exposed  edges  of  the  water-carrying 
It  has  been  recognized  tliat  the  fine-grained  sediment  of  the 
plains  of  a  river  sometimes  is  so  firmly  compacted  as  to  be  pra(»- 
y  impervious.  In  view  of  the  fact,  however,  that  surface  springs 
'  along  some  of  the  creeks  in  this  vicinity,  it  seems  hardly  prob- 
that  the  alluvium  of  Yakima  River  is  sufficiently  compact  to 
mt  the  upward  passage  of  artesian  water  with  the  pressure  that 
mown  to  possess  elsewhere  in  the  basin.  An  explanation  of  this 
ig  up  of  the  lower  beds  of  the  EUensburg  formation  is  more 
My  to  be  found  in  the  structure  of  the  synclinal  fold.     The 

dips  observed  along  the  sides  of  this  fold  in  the  vicinity  of 
DOia  River  is  evidence  of  a  certain  degree  of  compression  of  the 

Especially  is  this  apparent  where  the  lower  strata  are  over- 
d.  Such  lateral  pressure  must  have  its  effect  upon  the  rocks, 
t  apjiears  quite  probable  that  the  sandstone,  whioh  in  other  parts 
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'  of  Ui£<  l>asin  is  open  t«xliire(]  ami  pon>UB,  tn»y  here  have  bix-i 
I  ootnpacttKl  as  to  be  relatively  imi»erviouB,'     In  this  way  the  lower  I 
I  strata,  which  constitute  the  wat«r  horizon  along  the  bottom  of  t 
[  trough,  are  ho  changed  in  character  along  the  sides  aa  U>  ceatH"  lo^ 
I  water- bearing.     Were  it  not  for  this  feature  the  artesian  luisiii  « 
Vbedmiued  at  about  1,000  feet  above  sea  level,  and  flowinn  wells  woi_^ 
I  l»e  passible  at  no  point  within  the  Atanum-Moxee  Valley.     As  iti%l 

[however,  more  than  a  score  of  wells  with  flowing  wat^r  prove  the  I 
value  and  important'^  of  this  artesian   basin.     These  wells  will  Iw  ] 
Iideecribed  in  a  later  section. 
The  structure  of  the  basin  in  the  inimediat*  vicinity  of  the  Moxee 
■iwells  can  best  he  illustrated  by  deformation  contours.     Fig.  7  (p.  48) 
'  shows,  by  means  of  contours  or  lines  of  offnal  etevatioiiK,  the  eleva- 
tion above  sea  level  of  the  lowest  water-eacrying  beds,  which  n  "  " 


approximately  the  base  of  the  Ellensbui^  formation.     The  depths  a) 


which  the  water  horizon  is  found  in  the  different  wells,  tt^ether  with 
observations  made  along  the  sides  of  the  valley,  constitute  the  basis 
)l{or  this  map.     It  will  be  noticed  that  the  syncline  is  uusyni metrical. 
Jiaving  a  steep  side  on  the  south  and  a  gentle  slope  on  the  north. 

I  WENAS-SBLAB   DAStN. 

I  This  transverse  valley,  as  alreatly  noted,  has  somewhat  the  same 
genera!  topographic  and  structural  relations  as  the  Atanuin-Moxee 
L  Valley.  The  points  of  difference,  however,  are  tliose  which  are  most 
^'Important  with  refei-enee  to  the  artesian  water  supply.  The  synclinal 
fold  of  this  valley  is  much  more  shallow  and  gentle  than  the  Atanum- 
Moxee  trough.  Taking  the  npper  surface  of  the  Yakima  Itasalt  nn  a 
datum  plane,  the  lowest  part  of  the  Wenns-Selah  syncline  is  not  much 
below  1,000  feel  above  sea  level,  whereas  in  the  Atanum-Moxoe  fold 
the  basfilL  surface  at  its  lowest  point  is  undoubtedly  considerably 
below  Nca  level.  This  diffen^iee  is  significant,  since  it  means  thnt 
Ynkinia  Uiver  not  only  cuts  across  the  sides  of  the  fold,  but  has  ctil 
down  almost  to  the  base  of  the  Ellensburg  sandstone  along  the  bottom 
of  the  trough.  Of  course  such  a  relation  involves  a  draining  of  the 
basin  by  the  river,  since,  a^  in  all  of  these  transverse  folds,  the  lowesi 
portion  of  the  syncline  appeal's  to  be  in  the  vicinity  of  Yakima  River.    I 

As  can  l>e  seen  on  the  geologic  map  (PI.  II),  east  of  Yakima 
River  the  syncline  is  so  high,  with  i-eference  to  the  river,  that  tin'  i 
Ellensburg  formation  is  largely  wanting,  and  tlie  valley  is  floopeJ 
with  basalt.  West  of  the  river  the  Ellensburg  sandstone  is  present 
in  great  Ihickness,  and  it  is  in  this  syncline  tliat  the  section  given  on 
pages  17  to  21  was  measured.    In  the  valley  of  Wenas  Creek  the  geologic 

■  This  hypotliealH  la  supported  by  the  occurrence  of  saniletoue  iiorthvest  ot  Korth  Ynkimft. 

C|narrle<l  tor  building  stoni;.    AlonR  tbe  liottoin  <>r  ttie  trouicli  theHo  same  beds  aru  repri-».'tii»J 
br  Buf  t  HundstoDe  sn<l  luosu  sand  wblcb  la  iiIbcub  is  ftJiiioijC  u  i)iilcksaaU. 
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relations  at  first  sight  seem  to  warrant  investigation.  The  sandstone 
aeries  extends  npward  on  the  ridge  to  the  north,  while  to  the  south 
the  same  formation  rises  in  high  cliffs.  The  basin  8tru(*ture  is  present, 
with  the  elevated  ontorop  of  the  water-bearing  beds;  but  again  it  id 
to  be  noted  that  the  stream  occupying  this  synclinal  valley  has  cut 
down  to  very  near  the  base  of  the  Ellensburg,  and  in  fact  reaches  it 
near  where  the  main  Wenas-North  Yakima  road  turns  southward 
and  crosses  the  creek  at  the  Cleman  ranch. 

In  1900  some  work  was  done  toward  sinking  a  well  on  the  Stauffer 
ranch,  in  Wenas  Valley  (sec.  34,  T.  15,  R.  18).  The  elevation  of  this 
well  is  approximately  1,500  feet,  and  it  was  sunk  about  400  feet  in 
Ellensburg  sandstone.  Ground  water  in  good  amount  was  found  at  a 
depth  of  152  feet.  The  depth  to  which  the  sandstone  was  found  to 
extend  points  to  a  shallow  basin  existing  between  the  southern  sloi)e 
(rf  the  anticlinal  ridge  north  of  Wenas  Valley  and  th^  oxi)osure  of 
basalt  along  the  creek  2^  miles  southeast  of  the  well.  Any  water  in 
this  basin,  however,  would  find  a  surface  outlet  near  tlie  crreek  level, 
80  that  no  artesian  supply  would  exist  to  he  tap^K^d  by  a  well  having  an 
elevation  of  1,500  feet.  These  relations  are  therefore  unfavorable, 
and  the  statements  that  have  been  made  are  cori-oborat^^d  by  the 
occurrence  of  large  springs  near  Wenas  Creek,  on  the  Cleman  ranch, 
at  just  the  point  where  the  lowest  beds  of  sandstone  must  reach  the 
ailnvinm-covered  valley  floor.  Mr.  Cleman  states  that  the  water  of 
ibese  springs  is  mnch  warmer  than  the  creek  water.  As  mentioned 
on  page  38,  surface  springs  occur  elsewhei*e  along  this  creek,  afford- 
ing further  evidence  that  the  water  of  the  sandstone  finds  a  natural 
ontlet  throughout  the  length  of  this  valley  and  is  not  stored  in  an 
artesian  basin.  It  is  indeed  probable  that  if  the  water  could  he  shut 
off  in  the  upper  part  of  Wenas  Valley,  the  contributions  f  i-om  springs 
in  the  lower  valley  would  be  sufficient  to  maintain  a  small  stream  in 
the  lower  course  of  the  creek. 

There  is  a  possibility  that  water  may  be  stored  in  the  lowest  beds 
of  sandstone  which  underlie  the  latest  flow  of  Yakima  basalt.  These 
beds  are  exposed  on  the  ridge  north  of  Wenas  Creek.  As  this  sheet 
is  at  least  100  feet  thick  at  this  locality,  it  is  quite  doubtful  whether 
the  expense  of  penetrating  it  would  be  warranted  by  the  prospect  of 
finding  water  below,  especially  in  view  of  the  fact  that  the  bed  of  sand- 
stone beneath  the  basalt  is  often  only  a  few  feet  thick  and  would  not 
carry  any  considerable  amount  of  artesian  water.  Furthermore,  since 
the  lower  bed  is  cut  by  Yakima  River  on  the  north  side  of  Selah 
Ridge,  it  is  quite  possible  that  the  water  content  of  this  bed  is  also 
tapped  and  that  artesian  conditions  do  not  obtain. 

RYB  GRASS  FLAT. 

On  the  north  side  of  Selah  Valley  there  is  a  smaller  valley,  known 
locally  as  Rye  Orass  Flat.    As  can  be  seen  on  the  map,  PI.  II,  this  flat 
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it)  separated  from  tlie  ninin  valley  by  a  low  ridge,  across  which,  lio»r- 
over,  &  Hroall  neHfiuital  stream  has  cut  a  uarrow  chaoiiel. 
imtvtu-sally  trne  in  thin  region,  thp  topographic  valley  occupies  a  struu- 
tiiral  Imain  which  is  well  dalinwl.  Alonfj  the  southern  and  southwMl- 
em  sloijes  of  this  basin  the  Ellcuabiirg  sandstone  and  shale  ]>Uiuly 
outcrop,  with  northei-n  and  northeastern  dips  of  aVwnt  20  de^re>ei>. 
Several  hnndred  feet  of  the  KUennburg  fomuitioti  are  thus  esposoil, 
underlain  by  the  Iwsalt  whieh  forms  the  inclosing  ridges.  On  ih« 
north  side  of  the  Imsiii  the  ttandslone  is  seen  dipping  to  the  sooth,  but 
at  a  mnch  lower  angle. 

In  the  Slimmer  of  19(Hi  a  well  wa»t  driven  to  a  depth  of  270  feet  in 
see.  IS,  T.  U,  R.  20.  near  the  western  end  of  Rye  «ra»H  Flat.  AtM 
feet  surface  water  was  found  in  what  appeared  lo  l)e  alluvium. 
Ilwre  the  flue  alluvium  or  soil  is  IS  feet  deep,  with  Iwwlders  below, 
lu  ll«  lower  portion  this  well  is  undoubtedly  in  the  KUensburg  .■wnd- 
stone,  but  it  has  not  reached  the  lowest  beds.  The  basin  structure  ii 
favonible  Ut  the  >iI.oraige  of  arteaian  water,  and  where  the  well  ii 
located  the  drainage  outlet  of  the  valley  is  not  so  low  as  to  prevent 
the  water  rising  to  within  a  short  distance  of  the  surface.  The  stream, 
however,  ap|ieHr»  tt>  receive  wime  water  from  this  Imsin  in  even  the 
middle  of  summer,  and  it  is  therefore  quite  doubtful  whether  the  eon- 
ditious  are  favorable  for  a  flowing  well.  The  well  will  undoublMll; 
be  c>ontinued  to  a  greater  depth,  as  the  search  for  artesian  wat«r  in 
Rye  (imss  Flat  is  well  worth  the  neoes.s»ry  expenditur<!,  since  there  i* 
considerable  land  of  exradlent  quality  that  would  become  very  %-alu- 
able  if  water  conld  In-  found. 


Th''  viil|i\v  itf  Oowirlic  (.'n-ck  .■(int.ains  several  thousand  acivs  nf 
liiuil  llial  only  ri'.iuir.-.-  wai.T  li.  make  it  valuable.  Barley  and  \vli,'«l 
are  raised  there  nnihout  watec,  lurt  only  with  a  niodcralc  de^'rt-i-  uf 
sHcees.s.  On  si-Veral  ranehes  along  the  south  fork  of  the  creek  irrijiB- 
tion  is  praclicabh-  and  excellent  crops  of  alfalfa  are  raised.  (In  ihi' 
north  fork  of  the  cti'ek  allcnipts  have  been  made  at  a  few  p.iiulsl" 
store  the  waters  lliat  Mow-  .so  abundantly  in  tlK-  siirintr  inonlhs,  iiliil 
siirl'jii'i'  wells  have  also  been  due  and  windniills  erected. 

Study  of  the  neolofjic  relations  of  this  topogra|diic  basin  shows  lliiit 
it  is  hot  ill  liny  sense  an  artesian  basin.  As  fan  be  se<'n,  it  is  in  reidii.* 
only  a  portion  of  the  large  synelinal  valley  that  lies  north  of  ( 'owirln' 
Mountain  and  Selah  Kidge.  The  valley  is  incloseil  on  the  iiorfhenst 
by  the  andesitcijlalean,  but  this  is  merely  a  surface  flowsu|)erini|)os'-'l 
upon  llu'  er()ded  surface  of  the  EUensburg  nnndstone,  and  Ihen^fiin' 
offers  no  obsti'iiclion  to  the  flow  of  undergrtjund  water  within  ijir 
sauiislont'  beds.  The  conditions  are  thei'cfore  unfavorable  fm-timliiit: 
ai'ti-sian  water.  However,  llie  supply  of  gn»und  water  on  the  lowi'r 
levels  of  the  valley  may  be  further  drawn  Ulwn,  while  the  sti-englh  v( 
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le  prevailing  winds  of  summer  appears  to  be  very  favorable  for  wind- 
ill  irrigation. 

OTHBB  AREAS  IN  CENTRAL  WASHINGTON. 

At  several  other  localities  in  central  Washington  attempts  have 
en  made  to  find  artesian  water.  So  far  as  the  areas  (*ome  within 
i  region  the  geology  of  which  has  been  described  in  this  paper,  th(* 
egoing  discussion  may  be  helpful  in  suggesting  the  prob^ibility  of 
ding  water,  and  the  few  general  statements  which  follow  may  aid 
deciding  whether  or  not  to  prospect  for  it. 

!7ie  Ellensburg  sandstone  is  the  water-carrying  formation,  and 
lerally  the  best  water  horizon  is  found  near  its  base.  The  trans- 
se  synclinal  valleys  along  Yakima  River  would  possess  a  structure 
orable  to  the  collection  and  storage  of  underground  waters  wen*  it 

that  the  river  has  cut  across  their  lowest  part«,  so  that  only  uiuKm- 
ieptional  circumstances  are  the}^  artesian  basins.  The  great  thi(*k- 
8  of  the  Yakima  basalt  makes  it  inadvisable  to  prospect  for  arte- 
a  water  in  that  formation.  While  it  is  often  in  the  basalt  areas 
t  there  is  the  greatest  need  of  water,  the  chance  of  finding  artesian 
ber  in  it  is  far  too  small  to  warrant  the  great  expenditure  that 
lid  be  necessary.  The  springs  found  along  the  flanks  of  the  basalt 
ge  are  almost  without  exception  cold-water  springs,  and  therefore 
not  point  to  any  deep-seated  supply. 

lie  only  other  area  that  deserves  special  mention  is  Kittitas  Val- 
This  broad  valley  has  the  basin  structure,  and  from  its  great 
ent  it  appears  well  suited  to  the  accumulation  of  underground 
bers.  The  water-bearing  beds  extend  up  on  the  slopes  of  the 
losing  ridges,  and  must  receive  contributions  from  the  precipita- 
1  over  a  large  area.  In  the  central  part  of  the  valley  the  water  hori- 
t  lies  at  a  depth  of  several  hundred  feet.  As  reported  by  Professor 
ssell,^  the  Sanders  well,  an  exi^erimental  well  about  2  mih»s  north- 
it  of  Ellensburg,  reached  basalt  at  about  700  feet.  When  abandoned 
tiad  water  at  40  feet  below  the  surface.  The  evidence  which  it 
)rded  was  unfavorable,  yet  it  is  quite  possible  that  this  well,  like 
ny  others,  was  drilled  by  an  inefficient  well  man,  and  that  the 
ord  is  untrustworthy.     The  loss  of  tools  is  sometimes  the  occasion 

falsifying  the  log,  in  order  that  the  well  may  be  abandoned  with- 
;  loss  to  the  operator. 

kt  the  Clerf  Spring,  at  the  east  end  of  the  valley,  water  with  consid- 
ble  pressure  is  found  flowing  upwawl  through  the  basalt.  In  the 
amer  of  1900  the  drilling  of  a  well  was  commenced  in  the  Immediate 
inity  of  this  artesian  spring,  about  10  feet  higher,  and  it  seems 
tbable  that  not  far  from  the  surface  water  will  l)e  found  which  can 
used  to  augment  the  stream  already  issuing  from  the  spring.  The 
ing  has  also  been  enlarged,  its  flow  being  increased  fourfold. 

>BaU.  U.  &  GaoL  Survey  Na  108,  p.  68. 
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The  walPi-  IH  Hoen  to  issue  from  crevices  in  the  sandstone  and  the 
boneyconilK-<1  basalt  beneath.  It  has  a  tern  pert)  tti  re  of  6^".  UDd  may 
be  derived  fmm  interHt ratified  aandatone  beneath  an  upper  »heet  of 
basalt.  If  any  considerable  flow  of  wat«r  is  developed  at  thi.s  lo<»lity 
it  can  all  be  used  to  good  advantage  in  the  eastern  part  of  Kittitas 
Valley. 

The  gap  where  Yakima  River  t'uts  through  the  rim  of  the  Kittilw) 
Basin.  5  miles  belon'  Ellensbur^,  is  of  course  the  critical  point  in  the 
structure  of  the  bnsiu.  The  exposures  of  the  EUensbiirg  sandstone 
at  thin  locality  are  pnor,  but  they  are  sufficient  to  show  That  the  lower 
beds  are  sharply  iipturned.  Immediately  south  of  the  edge  of  the 
valley  a  transverse  fault  gives  further  evidence  of  marked  dynamic 
action  on  this  side  of  the  basin.  Whether  this  is  sufficient  to  prevent 
tapping  the  artesian  basin,  as  appears  to  be  the  case  at  I'nion  Gap, 
south  of  the  Atanum-Moxee  Basin,  can  not  definitely  be  stat«d.  The 
possibility  of  a  true  artesian  basin  being  fonnd  to  exist  here  appeare, 
however,  suflGcient  to  encourage  the  drilling  of  another  experiraenUl 
well  in  Kittitas  Valley.  This  -should  not  l>e  done  by  a  tyro,  but  by 
the  most  exi)erienced  and  reliable  well  man  available. 

Larger  irrigation  canals  taking  water  from  upper  Yakima  River  msj 
possibly  [h>  built  in  the  fntum,  which  would  obviate  the  necessity  for 
artesian  water  in  this  valley,  in  which  event  it  would  not  be  eeonuni' 
ic«l  to  exjiend  any  money  in  aearohing  for  an  artesian  supply. 

ABTESIAN  WKl,!^  OF   ATAITOM-MOXEK   BASIN. 

OENEHAI.    FEATrBES. 

dmvri  ill  Moxt-e  Valley.  As  can  Im'  ficen  from  the  accompanying:  luiip, 
fig.  7,  the  principal  wells  arc  wilhin  an  area  of  about  6  sijuare  raile:'- 
They  are  from  alxiut  iHHi  To  more  than  1,(K)0  fwt  iu  depth,  and  have 
flows  varying  from  U.ii.'i  lo  :,'  second -feet.  The  water  is  warm,  ranging 
from  IJ7°  to  7('°  I''.  Sulpliun-tcd  liydrogen  can  usually  be  detected  in 
it,  but  uot  in  any  i^rciit  qimtitily,  and  being  clear  and  appnrcntly  free 
from  other  impuritii's,  it  Im  used  fur  domestic  purituses  us  well  :is  fur 
irrigiitiiiii.  Owing  !<>  the  li'mperature  of  the  artesian  water,  in  wiutiT 
Ihi'  Ciitllc  prefer  it  to  at  ream  water. 

Th«'  wellw  show  varying  degrees  of  skill  on  the  part,  of  the  ivcll 
borers.  In  general  Ihey  have  been  ('ased  only  as  demanded  in  Hih 
jinigress  of  sinking  them,  and  often  the  casing  has  boen  drawn  in 
(iiiler  1o  save  it.  Sncli  economyis  likely  to  be  followed  by  a  lo.is  of 
(low  Ihniiigh  leakage  or  caving.  Many  of  the  wells  have  not  Itt-eu 
hR'Hied  Ml  as  best  to  serve  the  purposes  of  irrigation.  It  is  worth 
notiug.  however,  lluit  the  tendency  in  this  region  is  toward  .ureitfcr 
cave  in  lln-  sinking  of  artesian  weUs,  and  the  lalesi  wells  are  iiiin-L 
superior  !o  Ihose  put  down  earlier. 


} 
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The  logs  of  the  wells,  when  preserved,  have  little  value  as  records 
of  the  beds  penetrated  by  the  bit.  The  fineness  of  the  material 
brought  to  the  surface  prevents  very  accurate  determination,  and 
often  the  designation  of  the  beds  as  shale,  sandstone,  or  basalt  is 
pnroly  a  guess  based  upon  the  rate  of  progress  made  by  the  drill. 
The  attempt  to  use  these  records  to  construct  a  general  section  of  the 
EUensburg  formation  under  Moxee  Valley  has  proved  fruitless,  and 
on  that  account  the  logs  are  omitted  from  this  report.  In  many  logs 
bisalt  is  rexwrted  at  several  horizons,  whereas  along  the  slopes  of  the 
ridges  bordering  the  valley  only  one  sheet  of  basalt  is  known  to  be 
interbedded  with  the  sandstone.  It  is  very  probable  that  some  of  the 
eottglomerates  of  the  EUensburg  formation,  containing,  as  they  do, 
luge  bowlders  of  hard  andesite,  as  well  as  some  of  basalt  itself,  have 
been  mistaken  for  basalt. 

The  logs  which  record  the  depth  at  which  the  different  flows  of 
mter  are  tapped  are  more  valuable.  While  data  on  this  subject  can 
lot  be  obtained  for  every  well  in  the  valley,  the  information-avail- 
Me  is  sufficient  to  show  that  it  is  possible  to  correlate  the  different 
lows  tapped  by  wells  some  distance  apart.  The  water  horizons  thus 
Qdicated  appear  to  afford  trustworthy  data  for  the  determination  of 
be  form  of  the  basin. 

The  table  on  page  49  shows  the  relative  position  of  the  various 
ows  in  some  of  the  wells.  From  this  table  it  will  be  seen  that  the 
rst  principal  flow  and  the  lowest  flow  are  separated  by  intervals  of 
rom  148  to  235  feet,  and  these  principal  flows  can  be  recognized 
uooghout  the  field.  Smaller  fiows  occur  between  these  two,  but 
ley  do  not  seem  to  be  so  persistent.  In  certain  of  the  wells  small 
dWB  also  were  encountered  above  the  first  principal  flow,  even  within 
H)  and  200  feet  of  the  surface. 

Tl*e  plat  (fig.  7)  showing  deformation  contours  is  based  in  large 
art  upon  these  well  records,  and  shows  in  a  graphic  manner  the  con- 
guration  of  the  fioor  of  the  artesian  basin.  The  loc^al  ridge  along 
16  center  of  this  basin,  in  sections  8  and  9,  has  been  noticed  by  well 
len,  since  there  the  water  horizons  are  found  nearer  the  surface. 
leference  to  this  map  will  show  that  there  is  a  westward  dip  of  the 
ater  horizon,  amounting  to  about  300  feet  in  the  mile  along  the  line 
Btween  sections  5  and  8.  The  deformation  also  shows  how  the  Clark 
ell  in  section  31,  and  the  Sauve  well  in  section  8,  reach  the  water 
arizon  at  almost  exactly  the  same  level.  A  glance  at  the  map  will 
low  why  the  well  in  section  12,  near  the  west  line  of  section  7  of 
16  next  township  east,  as  stated  further  on,  did  not  find  water  at 

depth  of  700  feet.  The  lower  water  horizon  is  probably  several 
undred  feet  below  sea  level,  so  that  even  the  upper  flow  could  not 
8  expected  at  a  depth  less  than  1,000  feet,  and  it  seems  quite  pos- 
ble  that  this  well  might  be  deepened  500  fet^t  before  water  is 
t>tained.    It  should  be  stated  that  this  map,  showing  the  position  of 
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tlip  wHter  horizon  or  lower  flow,  is  batted  upon  30  scanty  data 
it  must  nnt  )«*  cniisidered  as  showing  the  exiiPt  flievation  of  the 
•of  the  baain,  but  only  \\»  approximate  position  and  general  form 

^B  UKBOHIPTIONS   Of   WKLLH, 

Tlie  tftlilc  on  the  next  page  is  »  list  of  IhR  principal  wplla,  wit 
mor«  important  data  ponceming  them.  Fig.  7  will  assist  in  lot- 
th«  wells.  Several  of  tlie  earlier  ones  have  bcwn  omitted  from  thv 
and  fn)m  the  list,  sim-e  they  have  ceased  to  flow  or  are  so  n 
dry  as  to  be  of  little  value.  The  wells  which  are  dry  arc  outsi 
the  area  of  flowing  wells  in  see.  32,  T.  13,  and   in  sees.  ;i,  (.  au< 


T.  1--'.  Wilh  om-i'x.-i-pti.m  Iti 
iiiHli-.  I>i<in^'  l>;kst^<l  on  iiiK-roii!  mi-ii 
Slate.s  (Ji'ol.)}:if;il  Siirvi'V  l.i-ii.-li  11 
l.(«-  f,.,.|  jilx.vi-  .son  IfVfi.  Th.-  i-]v 
Hollow  was  aocnralvly  drl.'nniinii 
Arnold,  conni'Otinfir  with  tlic  llniti'il  .siales  (iciiugii-iil  Snrv.-v  I 
mark  iniiC.  4  miles  .'lust  of  .MaiiiiiM.  Tli.-  lo.'j.tion  oflhi^  w.-il  i: 
side  of  the  .Moxw  Jiiv;i.  Imt  il  <-;iii  !»■  s.H-Ti  by  rrf.T.'ii.H'  I0  tin'  ■:< 
map.  PI.  II.  'i'hi-  miMsiireiiicnts  i.f  ll.nv  w,-vi-  ii.iidc  in  .\pi'il. 
by  Mr.  Sydn.'V  Arnold.  11  w.-ir  b.^in^'  um-.I  cmtiiI  wh,.rr  olli.^ 
stilted.  Tin-  niLi.il«-rs  of  tlic  wells  ^'ivii  in  ihe  lal.l.-  ronesp.md 
the  numbers  on  the  map. 


ABTE8IAX   WXLU    Or   ATANUK-MOXRE    BASIir. 
Lift  of  toril*  in  Atanum-Stoxee  Awn. 
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It  with  carrent  meler. 


Host  of  these  wells  deserve  further  description,  and  for  this  pur- 
owtliey  have  been  grouped  aocording  to  loc  lity,  and  will  bH  di^t- 
ussed  in  the  order  of  the  seetiiin  in  which  they  are  8itiuit«d, 
fginning  with  Bec.4,T.  12  N.,K.  2(1  E. 


The  Deeringhoflt  well.  No.  1!*  of  list,  is  the  more  iuiprtrtant  well  in 
is  section.  It  was  completed  in  April,  IIKO.  At  that  time  the  water 
se  36  feet  in  an  open  pipe,  and  the  flow  ri'|M)rtO(i  was  -iii  cubic  inches, 
It  it  is  thought  to  have  siiure  diminished  suniewhat.  The  well  is 
se<l  from  300  feet  beh>w  the  surface  to  535  feet,  thus  culling  off  the 
9t  flow.  The  casing  ranges  from  5f  inches  to  .'J  inehes. 
rhe  other  well  in  this  s«'ction  is  No.  21,  the  Hill  well.  This  well  wa.s 
lied  by  Mr.  Stone,  the  former  owner  of  the  land,  hut  wjis  not  coni- 
^ted,  owing  to  the  loss  of  the  drill.  At  :.'0'i  feel  n  small  flow  was 
>ped,  which  is  used. 


rhis  section  contains  four  of  the  more  imixirtnnt  wells  of  the  valley, 
ft' ell  No.  12  is  on  the  ranch  of  V.  RegimlKil,  being  located  near  the 
rtheast  corner  of  the  southwest  quarter  of  Ihe  southeast  quarter, 
was  pat  down  l>y  Messrs.  iiuwalda  and  Haines,  in  IS!l8,  and  taps 
■ee  flows.  There  is  a  o^sing  thi-ough  260  feet  of  sand,  but  this  is 
IRR6fr— 01 1 
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above  the  first  flow,  tut  tlmt  iioni-  of  the  ftow»  which  are  in  twnd  and 

«an<lHtoiie  ni-e  teased. 

Well  No.  11  is  in  the  iiorthweat  forn«r  of  the  sninn  lO-acrv  lot,  nwl 

won  tlrilleil  the  »iAne  year  by  Hiiwalda  and  Haines.     Thin  well  Jhchw^ 

for  344  feet  in  il«  iipiK'P  jwrtinn,  but  in  the  siimmer  of  IIX'W  there  bib 
'  oonsidepable  leakaj^e  around  the  cnsing,  a  trouble  Ihat  it  will  lie  (tilli- 

flult  to  l-eiiiody.     The  three  flows  are  not  e^sed.     TIib  well  belongs  to 

ibR  Holland  Company. 
i  Well  No,  10  is  near  the  northiiast  corner  of  the  northwest  quartflrnf 
kjfhe  Bouthw(*st  quarter  of  the  section.  This  well  wa«  completed  In 
tlSM.  Shale  iu  the  upiter  portion  of  the  well  caved,  so  that  4Hii''li 
'*(kfiiiig  wfw  pitt  down  as  far  as  ISiO  fi-et.  The  thi-ee  flows  ari'  imt 
(i«ftsed. 

I  Well  No.  15  i«  on  the  fractional  northwest  40  acres  of  this  Keclion. 
I  It  was  cumplet«>d  in  June,  1899,  by  Bnwalda  and  Haines,  and  is  ownol 
I  by  a  company.  The  stock  \n  divided  into  6  shares,  each  share  .sup- 
I  posed  id  represent  wat-er  for  '20  acres.  The  three  flows  are  tapiMKl  by 
I  .this  well  and  are  not  cased. 

>      A  new  well,  indieat«d  by  the  cross  on  the  map,  is  liein^  drilled  east 
1  of  the  Regimbal  well.     In  March,  1901,  it  was  reported  to  lie  down 
,  347  feet. 
L  wm.iji  i»  Moi.  a.  I.  12,  H.  a). 

The  two  wells  in  this  section  are  very  importitnt,  one  being  almoil 
..the  oldest  well  in  the  district,  and  the  other  being  the  latit  one  cum- 
L-pleted. 

TllO  Clark  well  No,  1,  as  it  is  termed,  is  not  far  from  the  northeaal 
corner  of  the  section.  PI.  VI  shows  the  appearance  of  this  well  when 
(■iiin]ili'tcid,  III  l>ilt3,  as  photographed  by  E.  E.  James,  of  North  Viikiiua 
I'jiCiniun.'iU'ly,  exact  meaanremeni.s  of  the  How  and  pressiin.-n  the 
time  of  ils  eonipk'tion  are  lacking.  In  1R1I7  Mr.  Clark  reporled  iis 
disi'lijirj;e  to  be  \2(t  miners'  inches.  The  testimony  of  those  whu  liavi* 
known  the  well  for  several  yeai-s  is  to  the  eitect  tlmt  tliere  has  bi---ii 
considerable  de(frease  in  pressure  and  How.  In  .\pril,  isn;i,  ;Mr.  Siil- 
riey  ArTKild  t'oniid  the  discharge  to  be  1.4;i."i  seeond-feet.  Tliis  wfll 
taps  the  thi-ee  principal  flows,  and  is  U  inc'hes  iu  diameter  at  ilie 
mouth.     The  smallest  casing  is  ll  inches.     The  well  cost  Ji2,()(ni. 

T)ie  Peck  well,  N<).  -J-.i,  iss  ab-mt  l'im)  yjinls  west  of  Clark  well  Nn.  I, 
ill  tlic  iie\t  (|uarter.  This  was  not  eomplcte<l  at  the  time  of  the  ti.-M 
work,  but  Mr.  Haines,  who  drilled  it,  reporleil  it  finished  earl\-  in  ilu- 
prescnl  year  (lOOl).  It  taps  the  same  flows  iis  the  Clark  well,  but  al 
sli^ditly  frrcater  .ieptbs.  This  shows  the  western  <lii.  of  the  water 
horizons,  and   aeeonls  with   t.li<'   hiisiii  structure  shown  in  the  uther 


Well  X,).  10,  tlic  only  well  in  this  section,  is  close  1. 
of  the  ,s.-etioii.     It  was  ].nt  down  in  ISflil,  bv  Mr.  Kllei 
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jperintendent  of  the  Holland  Company.  It  18  caned,  but  has  only  a 
nail  flow.  The  pressure  is  sufficient  to  raise  the  water  in  a  2-inch 
ipe  high  enough  to  carry  it  into  the  house  on  the  Holland  ranch. 

WKI.LH  IN  8E1\  8,  T.   12,  K.  ST). 

lliis  is  the  section  with  the  greatest  numl)er  of  wells,  having  seven 
ready  down  and  one  being  drilled  in  February,  11)01. 
Well  No.  4,  on  Mr.  Longevin's  ranch,  is  the  oldest  well  in  the  sec- 
on.  It  was  drilled  in  1893,  and  is  comparatively  shallow,  tapping 
le  first  flow  only.  It  is  a  small  well,  Ijeing  only  3  inches  in  diameter. 
Well  Xo.  22,  farther  east  on  the  same  ranch,  is  deciM*r  and  i)ene- 
ates  to  th<*  third  flow.  This  well  is  cased. down  to  a  depth  of  730 
ft,  the  first  and  second  flows  Iwing  shut  oflF.  It  was  drilled  in  1000 
r'Mr.  C.  H.  Haines. 

Well  No.  5  is  near  the  east  line  of  tlie  section,  on  the  ranch  of  Mr. 
aines.  It  was  completed  to  a  depth  of  702  feet  in.  180G,  but  was 
opened  later,  and  now  taps  four  flows.  It  is  cased,  with  casing 
3m  G  to  4  inches  in  diameter,  as  far  as  890  feet.  The  casing  is  split 
the  first,  second,  and  third  flows,  all  of  which  are  in  the  4-inch 
sing. 

Well  No.  9  is  in  the  southeast  quarter  of  the  southeast  quarter,  on 
a  ranch  of  J.  Sauve.  It  was  driven  to  a  depth  of  835  feet  in  1897, 
Mr.  H.  J.  Spratt,but  was  deepened  in  1899  and  KKK),  by  Mr.  Haines', 
ly()2Q  feety  with  the  effect  of  approximately  doubling  the  flow.  The 
iing  at  the  bottom  is  only  2  inches  in  diameter. 
Ellens  well  No.  2,  No.  14  of  the  list,  is  in  the  southeast  quarter  of 
3  northeast  quarter  of  this  section.  It  taps  three^small  flows,  and 
not  casefl  below  225  feet. 

rhe  N.  J.  Dickson  well.  No.  7,  is  in  the  northeast  quarter  of  the 
rtheast  quarter,  and  was  put  down  in  1897.  It  Is  the  shallowest 
11  of  the  district,  and  taps  the  first  flow  only,  but  it  has  a  good 
lumc,  which  is  sai<l  by  the  owner  to  have  increased  since  the  other 
lis  in  the  vicinity  have  be<*n  deepened  to  tap  the  lower  flows.  This 
11  cost  about  $500. 

irVell  No.  8  is  nearly  a  half  mile  west  of  the  Dickson  well,  on  t  he  ranch 
James  W.  Gano.  It  was  drilled  in  1897  to  a  depth  of  049  feet, 
ere  it  tapped  the  first  flow.  The  pressure  was  suflicient  to  raise  the 
ter  30  feet  in  an  open  pipe.  PI.  VII  is  from  a  photograph  of  the  well 
:cn  at  that  time.  In  1900  this  well  was  deepened  to  851  fw*t,  so 
it  now  it  is  supplied  with  wat<*r  from  both  of  the  principal  flows. 
The  new  well  in  this  section  is  in  the  northwest  quarter  of  tlie  south- 
st  quarter.     In  March,  1901,  it  was  reiwrted  to  be  down  040  feet. 

WRL.IJ!}  IN  HVA'.  n,  T.    12,    11.  2H). 

rhe  Bradford  well.  No.  0,  is  close  to  the  north  line  of  the  section 
1  only  a  few  yards  distant  from  well  No.  19,  in  section  4.     It  was 
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driUei)  in  1897  tfl  a  depth  of  3Si:  f«ol,  ninl  in  190(i  w«»  ilwponwl  U»«a 
Teet.  Thfl  ffa^lng  in  0,  H,  and  ;){  inchoH  in  diatnoUT.  This  in  ddpo 
the  few  w«lls  in  Iho  district  provided  with  a  VHlve  by  whiuh  tJie  wiit« 
can  be  shut  off  when  not  needeil  for  irrigatimi. 

Well  No.  18  is  on  the  AllwHnlt  ranch,  in  Hit'  M>uthwmt  qnjirter  « 
the  section.  Thi«  w«il  was  drilled  by  Mr.  D»*iringhoff  In  1899,  Cai 
ing  from  6f  to  4  ineheK  in  diaineteir  ext^ndtt  to  a  d(>pUi  uT  731)  ten 
shutting  off  six  ninnll  npper  flows.  Tho  wdll  appoant  to  b»  in  gflC 
condition.  'ITii'  flow  is  xtniti^,  and  the  wwll  iit  no  Hitu»t(Mt  h«  to  «n»l> 
the  water  U<  In-  iiw'd  U>  tulvanlAfi:*'. 

WKI.UI  IS   HKO.    Ill,    T     U.  K.  n  *        ' 

WhII  No.  '2i>  in  nwar  tho  southwest  eonior  of  tills  section.  It  wi 
drill<Kl  hy  Mr.  R.  K«ln.  but  is  liiuoiuplet«,  although  It  has  a  small  t1oi 
The  water  from  thU  well  is  the  coolest  artesian  wat«r  in  Moxee  Va 
ley,  having  a  temperature  of  6().3°  F. 

The  three  Stcinway  wells  are  in  the  fMmlheastern  part  of  this  ite 
tion.  They  wera  drilled  in  18!)4  and  1895,  but  nowarepradieallydr 
One,  however,  flows  a  little.  Ont*  of  these  wells  was  rawed  down 
within  30  feet  of  the  thini  flow. 

The  three  wells  in  this  aeution  are  the  property  of  Mr.  W.  T.  Clarl 
Noe.  2  and  a  were  pift  down  in  18!13  and  No.  17  was  drilled  in  189 
No.  2  ia  the  smaller  of  the  two  wells  near  Mr.  Clark's  house,  beii 
4-3)  inches  in  diameter,  with  a  diBcbai^  probably  less  than  lutlf  tbi 

of  N".  :l,  whi-'li  \^  r>  ill,. Ill's  ill  ili;irii.-t.T  ;il  t),r  U>]>.  \\»ls  >'ns.  2  .u 
■i  hiivc  priH-ticjilly  the  Kiimc  elfv;iiioTi  iitkI  ;ire  so  close  together  ris 
have  the  sjiim-  Iojt.  -Mr.  Clark  reprirled  the  pressure  from  them 
1897,  as  determined  by  a  gajji'  lest,  to  be  5n  pounds.  The  cost  of  the; 
two  wells  was  iiion.^  than  ^2,-51X1.  They  are  the  oldest  wells  that  it 
flowing  to-day.  Well  No,  17  is  a  short  distance  to  the  northeast  ■ 
the  other  wells,  near  the  eonter  of  the  siret.iori.  It  is  not  so  deep,  ui 
its  water  is  3  degives  cooler.  These  thn'o  wells  are  only  partial 
cased,  which  is  believed  to  account  for  a  decrease  in  discharge  sini 
they  were  put  down. 

WEI.T.K  IN  >-yj\  -.a.  T.  lii,  H.  ai. 

Well  No.  13  is  in  the  northwest  ijiiarler  of  the  southeast  qnart* 
on  the  ranch  owned  by  I.  D.'Mnarais.  It  was  drilled  by  Mr.  IJuwaid; 
being  coniplet(«.l  in  March,  iS;i!i,  when  (he  discharge  measured  o 
.second-foot.  It  is  cased  to  a  <leplh  of  4l'S  feel,  cutting  off  the  tir 
flow.  The  pressure  at  this  well  was  low  from  the  time  of  its  compi 
tion,  and  in  .hine.  lltfm,  it  ceased  to  overflow.  The  water  stands 
fe<'t  lielow  the  surface,  anti  is  eini<liicte<l  above  ground  by  a  .■'he 
trench.  .V  pump  is  used  a  jKirtion  of  the  lime  to  irrigate  higher  par 
of  the  ranch. 

A  well  wna  drilled  iu  this  section,  by  Mr.  W.  T.  Meigs,  to  a  depth 
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ftnd  a  small  flow  of  water  was  found,  but  the  well  is  now 


Icima  Land  Company  were  the  pioneers  in  putting  down 

Uoxee  Valley,  well  No.  1,  section  3,  l>eing  drilled  in  18!n. 

er  wells  were  drilled  by  this  rampnuy,  in  sectiomi  3,  4,  and 

tt  one  of  them  is  flowing  at  the  jireseiit  time. 

ion  12,  of  the  next  township  west,  a  well  was  drilled  to  a 

'07  feet,  and  when  the  work  was  abandoned  water  stood  at 

)m  the  surface. 

o.  24  is  near  the  southwest  eonier  of  the  southeast  quarter 

,  T.  13,  R.  18, 

nch  of  Geoi^ 
It  was  corn- 
August,  1890, 
$2,500.     The 

if  this  pioneer 

Wide  Hollow 
by    a    small 

of  ranch  own- 

^reement  being 

e  event  of  the 

ing  successful 
shares  should 

t  by  Mr.  Wil 

IS  the  owner  of 

'as  not  obliged 

I  the  entire  ex 

hatmighthave 

litless  prospect 

.n  water,  while, 

her  band,  the 
owners,     who 

a  risk,  now  possess,  at  no  expense  to  themselves,  the  iitipor- 

matiou  of  the  presence  of  artesian  water.     The  well  is  very 

L,  is  of  fairly  good  size,  and  is  well  cased,  the  diameter  of  the 

ing  from  5J  iiichen  to  3^  inches.     When  completed  it  had  a 

mfficient  to  force  a  strong  stream  through  tlii<  drill  rods  to 

)f  42  feet  above  the  surface,  equivalent  to  l,i(l7  feet  above 
The  drilling  was  extended  until  Imtnalt  was  struck,  al)out 

i\ovr  the  lowest  flow  and  about  100  feet  liolow  ^tea  level.     The 

ihewn  no  variation  in  volume. 
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Wlbon  well  Wide  Hollow. 


leason  of  1897  well  No,  1  furnished  water  for  the  irrigation 
?ee,  and  in  1000  it  supplied  eight  small  ranohes  with  water^ 
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the  lotal  area  irrigated  being  2ft7  aeres.  This  is  plainly  more  i 
can  Batisfat'tnrily  Iw  watered  by  this  wwll,  and  the  completion  of  « 
No.  33  will  render  nnnew«8«ry  the  use  of  water  from  the  (^lark  n 

',lo  serve  the  Peek  ranch. 

[  Wells  Nob.  2  and  3  are  reported  to  have  irrigated  12f*  acres  in  1897. 
la  the  Honim(*r  of  litOO  the  flow  from  No.  2wa»  used  on  a  market  gar 
den  of  20  ac^iruH,  while  Nos.  .'t  ftij<l  1 7  were  used  to  irrigate  iin  acres  o( 
orchard,  alfalfa,  and  other  crops.  Ninety  acres  of  winter  wheat  were 
also  irrigated  on  this  ranch. 

'      Wells  Nos.  -t  and  22,  on  Mr.  Lon^vin's  ranch,  water  S(>  acrea. 
Well  No.  5  is  naed  for  the  Irrigation  of  85  acres  on  the  ranch  of  Mr. 

,0.  II.  llaiues. 

•  Well  No.  I'l  supplies  water  for  40  acres,  which  is  al»o  Ihe  amonot 
irrigated  by  well  No.  7,  but  it  ia  probable  that  in  the  future  more  li 

'wlil  be  watered  by  llie  latter  well. 

t    The  Gann  well,  No.  8,  waters  alnjut  t>i)  wi-es. 

L    On  the  Sanve  ranch  -Sfi  acres  are  walJTwl  by  well  No.  U,  and  it  isllie 

^tention  tiu  Increase  this  to  40  ai-ri-x. 

(  Well  No.  10  is  used  simply  to  supply  the  Holland  ranch  with  water 
^or  domestic  purposes.     The  other  wells  lielonging  to  this  company 

■j(Nos.  II  and  16)  furnish  water  for  115  acres  of  alfalfa  on  t 

pauch,  and  after  the  soil  is  ontw  thoroughly  wet  the  supply  probably 

nrill  be  sufficient  for  2(Kl  acres. 

I    Well  No.  12  watern  120  acres  on  Mr,  Hegimbal'a  ranch. 

'    The  Bnwalda  well  (No.  13)  can  anpply  water  for  50  acres  if  a  panp  ' 

isuHi-i!,  ;,i„l  with  lb.-  ri;.lur;,l  lli.w  rbn.ii;.'b  lb.' In-iirb  lT.  a.T..s  .■aii  I* 
rcii.-L.-d  ..ri  ll;.-  D.-sm.imis  nui.-l.. 

In  lltOUwiili-r  from  well  No.  IS  was  used  I.,  irrigal^  Uh'h.t.'S,  wliirh 
WHS  considered  by  some  of  Mii- sliarclnilders  In  betoogreal  an  iii'n^sge 
for  the  well.  Liitcr,  when  less  Ticw  land  is  under  irrifiiitioii.  the  sujh 
l>ly  may  be  found  .siifficiciil  for  IIKI  M-n-s,  if  not  mi.n-. 

Well  No.  IIS  is  bi-iii'v.-d  by  Mr.  Ailwjirdt  1o  b.iv.- !i  .lis.-l.;!.-..  Mifii- 
cii-iil  fiii'  llic  irrlKfilion  of  UKI  acres. 

The  llccrinsrhnff  w,-ll  (N„.  1!.)  wj,I..rfd  ii  il.T.-.;  tb.-  Ib-sl  y.'.ir,  -.ml 
i.-,   ,r.xin-c-tfd     I.I    r.oppl.V    >•'<    "*T.-«    lii1,.n       Th,-    .ilhvr    «eU    on    tfir    >joiir 

»e<-ti,)n  (No.  -21)  ha.s  only  ii  small  flow,  which  is  nscd  on  alH.iii  11  a.-n^s. 
Weil  No.  2:j,  just  completed,  is  j-cpiirled  to  luivc  a  lb.«- .'iinal  t.> 
timtof  N.).  I,  and  it  will  Ihcrcfon-  !>.■  an  imr«'rlatil,  addili-m.  In  1!H»| 
Mr.  Peck  had  lU  acres  iiiid.-r  irripitioii  from  w.'ll  No.  I.  which  will 
probably  now  1m-  supplied  from  bis  own  well.  The  sliaile  t  rccs  |)lanle.l 
on  Ibis  ranch,  us  well  as  a  |)ro]m.scd  pond  near  the  house,  promise  to 
make  llic  place  very  atlnu-tivc  When-  atlcnfion  Idijs  Ix-eii  driven  I" 
the  useof  artesian  waleraniuiid  1  lie  ivsidences  as  well  as  inlbclield^ 
and  orchards,  llic  relurns  have  been  very  jrratifyint;,  and  (lie  contriisl 
b<'1wccii  such  ranches  and  the  Murroundinj,'  sa;;ebi'ush  an.-as  is  firt^al- 
It  is  estimated  tlnvt  the  score  ov  wore  of  wells  now  flowing  in  MoiW 
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Valley  have  an  aggregate  discharge  sufficient  to  irrigate  alx)ut  1,600 
acres.  Doubtless  less  wasteful  methods  of  irrigation  would  enable  a 
still  greater  acreage  to  be  cultivated  in  this  arid  valley  without  any 
increase  in  the  flow  of  the  wells. 

Well  No.  24,  on  the  Wilson  ranch,  in  Wide  Hollow,  has  a  discharge 
sufficient  for  the  irrigation  of  50  acres.  The  water  is  used,  with  that 
from  a  ditch,  to  irrigate  BO  acres,  but  the  well  is  reported  toliave  done 
most  of  the  work  after  July  1,  the  flow  in  the  ditch  being  very  small. 

SOURCE   OF  THK  ARTESIAN    WATER, 

The  discussion  of  the  sounte  of  the  artesian  water  In^eomesof  inter- 
est, since  it  may  throw  light  upon  the  permanencje  of  the  supply. 
The  underground  waters  of  an  arid  region,  like  the  surfa<*e  waters, 
are  not  indigenous,  but  come  from  a  distance.  C/omnionly  their  source 
is  found  along  the  edges  of  the  artesian  basin,  which  may  l)e  hundreds 
of  miles  distant.  There,  the  outcrop  of  the  wat-or-carryin^  beds  forms 
a  catchment  area  where  the  surface  waters  enter  the  undcrjjfround 
circulation. 

HKMTIPITATION. 

Since  the  Atanum-Moxee  Basin  is  comparatively  limited  in  extent, 
it  follows  that  it  must  in  great  part  fall  within  the  region  character- 
ized by  an  arid  climate.  Especially  is  this  true  of  the  eiistern  part  of 
the  basin,  where  the  lower  beds  of  the  Ellensburg  formation  outcrop 
along  the  ridges  which  border  Moxee  Valley.  There  the  rainfall  is 
very  scanty,  the  annual  precipitation  l)eing  even  less  than  that  given 
on  page  13.  Much  of  the  rain  comes  in  the  form  of  heavy  showers  or 
cloud-bursts,  which  find  the  baked  soil  wholly  unfitted  to  receive  the 
moisture,  so  that  the  proportion  of  run-off  is  at  its  maximum.  The 
contribution  to  the  artesian  basin  in  this  portion  of  the  catchment 
area,  therefore,  is  small,  and  were  it  the  only  supply  the  arU?siau  wells 
of  Moxee  Valley  could  not  be  expected  to  maintain  their  flow  for  any 
length  of  time. 

At  the  western  end  of  the  basin  the  conditions  are  somewhat  moro 
promising.  The  Ellensburg  sandstones  extend  up  on  the  flanks  of  the 
higher  ridges,  which  are  favored  with  greater  precipitation,  as  is 
shown  by  the  groves  of  large  pine  trees  which  cover  them.  There 
the  snowfall  is  much  heavier,  and  as  the  winter's  accumuhition  melts 
the  conditions  are  much  more  favorable  for  the  i-cception  of  the  water 
by  the  soil.  Exact  figures  can  not  be  obtained  upon  which  to  base 
even  an  approximate  estimate  of  the  water  delivered  in  this  way  to 
the  artesian  basin.  The  occurrence  of  surface  springs  along  these 
ridges  shows  that  even  the  supply  of  ground  water  is  sufficient  to  per- 
sist through  the  summer.  It  is  probable  that  the  immediate  loss  by 
run-off  is  not  excessive  in  this  part  of  the  catchment  area,  so  that  the 
contribution  to  the  underground  supply  is  an  important  one. 


r 
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Another  source  for  the  undergronnd  waters  may  be  found  in  the 
leakftgo  fi-om  streams  crossing  the  onlt-roii  of  the  water-carrying  bwii. 
Several  seasonal  streams  flow  down  the  sides  of  the  westeni  part  o( 
the  Atanum-Moxee  Valley,  but  these  are  small,  and  their  coiiiribmion 
may  well  be  included  under  that  mentioned  in  the  preceding  para- 
graph. Atanum  Creek,  however,  drains  a  large  area  to  tbe  west,  and 
in  the  early  part  of  thp  year  it  is  an  important  fltream.  It  eutere  li» 
synclinal  basin  at  a  point  where  the  strata  hav«  gentW  dips  and  whew 
the  sandstone  at  the  base  of  the  £l]ensburg  is  open  and  porous. 
the  paints  where  the  stream  crosses  these  upturned  boda  the  wat«r 
might  seep  downward  into  Iho  artesian  basin.  Similar  seepage  i» 
shown  whei-e  ditches  have  been  dug  in  both  the  surficial  aliuviun 
in  the  Ellenabnrg  sandstone.  The  green  vegetation  along  the  lower 
sides  of  such  ditches  testifies  to  the  presence  of  water  which 
escaped  through  the  soil  and  the  sttndstonc.  The  fact  of  the  seepage 
from  Atanum  Oreek,  however,  is  conclusively  proved  by  other  evi- 
dence. The  stream  measurements  made  by  Mr.  Babb,  and  quoted  on 
page  33  of  this  report,  have  an  important  bearing  on  this  question 
when  atudied  in  connection  with  the  geologic  relations  along  AtHniini 
Creek.  As  will  be  seen  by  reference  to  the  geol(^ic  map,  PI.  11.  the 
two  forks  of  Atanum  Creek  enter  the  sandst^one  area  above  Tampitw, 
but  the  stream  again  encounters  the  basalt  below  that  place.  Tl 
first  measurement  of  the  north  fork  of  the  creek  was  made  above  the 
point  where  the  stream  crosses  the  base  of  the  sandstone,  and  thit 
v..hiiLii-is  S.-.-1I  U>,-xri',;],  by  insr-.'oti.i-f.-.'l.  Ilii-  l.il.il  voliuiir  <y{  U>\h 
Inrks  iiiiMsiiml  lii-Ii.w  tUoir  jiiiiclitin  .-iikI  vvjlluii  lln-  siiiiilslu]..'  nn:, 
The  loss  by  seupaKe  is  jiartly  retnriHHl  when  the  stream  iigaiii  H«i«5 
upon  tbe  basalt  basement,  as  is  shown  by  measurement  Xo.  U  of  lbs 
table  on  pajro  S'.i.  This  irain  doubtless  rt-presents  the  ivtuni  of  :\  purl 
of  the  iinderfiow  of  the  stream  In  thi'  surface.  Additional  iiii-;isuiv- 
mcnts  farther  down  .-show  ii  loss  of  ;j.H  second-feet  after  tho  sjimlstinir 
again  bei-omcs  tin-  floor  of  the  valley.  Further  lo.ss  is  sli.iwi,  liy 
measurements  made  along  Ihe  lower  eoni-se  of  the  creek,  but.  tliusr 
mentioned  are  of  importance  as  sliowiiig  seepage  into  the  saiidstoiic. 

This  contril)Ution  of  .several  sec<>n<l-leet of  water  is  an  inipurtiUii 
one, and  since  these  mea.su  re  mcnts  were  made  late  in  .luly  tiny  ri'iin-- 
sent  a  minimum  of  flow  and  probably  also  of  sifpagc.  At  lime  nt 
flood  the  amount  flowing  into  the  ai'lesian  biisin  fi'om  thissourei'  would 
U'  even  greater.  Taking  into  account  the  aggregate  discbarsre  uf  llif 
wells  of  the  basin,  which  is  about  1-  spcuud-feet,  the  part  playeil  tiv 
seepage  can  at  once  1m'  sei-n. 


In  hisivconiLiiissani-coftliisarvii  Pi-ofcssor  Russell  noted  llK-scatitv 
■tinfjiH  and  conchnU-il  tliat  the  annmd  precipitation  on  the  i)ut<-riii>' 
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t  the  water-bearing  beds  on  the  ridges  adjacent  to  Mozee  Valley  was 
rholly  inadequate  to  supply  the  wells.  ^  The  extension  of  the  EUens- 
forg  formation  westward  as  far  as  shown  on  the  map,  PI.  II,  was  not 
hen  known,  and  this  addition  to  the  catchment  area  was  therefore 
ot  taken  into  aoeount.  This  supposed  absence  of  any  adequate  sur- 
loe  supply  and  the  high  temperature  of  the  artesian  water  were  cited 
lanpiiorif  of  the  hyiK>thesis  that  the  Moxee  artesian  basin  ^'  is  sup- 
lied  from  below  by  water  rising  through  fissures  or  from  the  leakage 
pfward  of  a  lower  artesian  basin." '  Further  support  of  this  hypoth- 
ria  was  believed  by  Professor  Russell  to  be  found  in  a  fault  possibly 
rtendlng  across  the  Atanum-Moxee  Valley  from  Selah  Gap  to  Union 
tap.  The  evidence  of  fissure  springs  along  a  fault  scarp  in  Selah 
alley  was  also  cited. 

la  the  consideration  of  this  hypothesis  it  may  be  well  to  note  that 
irther  stady  of  this  area  fails  to  show  any  north-south  fault  across 
16  baain.  As  previously  stated,  this  region  is  one  of  regular  folds, 
tth  no  important  faults.  The  springs  in  Selah  Valley  near  the  old 
Uenaburg  road  may  be  termed  fissure  springs,  but  the  cracks  through 
'hich  the  water  reaches  the  surface  probably  do  not  extend  to  any 
reat  depth,  as  the  water  is  not  warm,  but  is  cold  and  very  palatable. 
Ua  ia  quite  generally  true  of  the  water  of  springs  along  the  lower 
lopes  of  the  basalt  ridges.  The  Clerf  Spring,  east  of  EUensburg, 
MOiibed  on  page  45,  is  perhaps  the  most  important  fissure  spring 
Bown  in  the  Yakima  Basin,  and  should  be  considered  in  this  connec- 
ion.  Here  is  a  large  flow  upward  through  fissures  in  the  basalt,  but 
he  temperature  of  the  water  is  considerably  less  than  that  of  the  arte- 
ian  water  in  Moxee  Valley.  This  spring  proves  the  presence  of  water 
I  the  basalt  at  this  point,  and  a  similar  source  is  possible  for  the  arte- 
ian  water  of  the  Moxee  wells.  Evidence  bearing  upon  this  hypoth- 
ria  must  be  indirect,  however,  since  there  are  no  traces  of  any  fissures 
ifhe  Moxee  Basin  extending  upward  from  the  basalt  into  the  Ellens- 
arg  formation.  Faulting  of  the  nature  to  produce  such  fissures  has 
ot  been  detected  in  the  basin. 

The  possibility  of  a  lower  artesian  basin  deserves  a  word  in  con- 
eotion  with  this  discussion.  The  Eocene  sandstones  which  underlie 
le  Yakima  basalt  farther  west  are  of  a  nature  to  be  good  water  car- 
an.  They  outcrop  in  elevated  portions  of  the  Cascade  Range,  where 
le  annual  precipitation  is  considerable,  and  may  extend  downward 
eneath  the  basalt  of  the  North  Yakima  region.  In  that  event  they 
'onld  contain  large  quantities  of  artesian  water.  The  depth  at  which 
lese  sandstones  are  buried  beneath  the  basalt,  however,  is  such  as 
tterly  to  preclude  drilling  wells  to  tap  their  supply  of  water.  Fur- 
lermore,  the  folding  to  which  these  rocks  were  subjected  before  the 
BBalt  covered  them  makes  the  existence  of  a  true  artesian  basin 
oneath  the  basalt  quite  problematicaL    Thus  it  is  again  found  impos- 

>  Bnn.  U.  &  QmL  Bmr%j  Ko.  108,  p.  86.  *  Op.  oit,  p.  fiSL 
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rtble  to  test  direct  the  hypothesis  of  leakage  upward  from  it  tower 
basin.  The  faots  which  would  bear  iiimjii  thiw  are  beyoiitl  tike  w>ne  in 
which  geologic  observation  is  {wssible. 


The  temperature  of  tli«  artesian  wal«r  varies  eonsiderjiliiv  in  the 
difTerent  wells  of  the  basin.  As  will  be  tteeii  In  the  table  on  page  ii, 
l^lw  mniivi  iu  teoiperaturbs  in  alMut  14  degreeN.  Dotibtle.ss  there  ace 
aeveral  factors  that  enter  into  this  variation.  Among  those  which 
directly  affect  the  tiemperatnre  of  the  artesiau  wat*r  f ret^ly  flowing 
from  a  well,  the  principal  one  is  the  depth  of  its  source.  The  excess 
of  the  water's  temperature  above  the  mean  annual  atmospheric  tem- 
perature, which  is  approximately  50  degroes  in  Moxee  Valley,  is  gen- 
erally considered  mui-e  ur  leiw  directly  proportionate  to  the  depth  uf 
&K  water  horizon.  Unfortunately,  in  the  present  ease,  the  problem 
te  not  simple,  since  most  of  the  wells  are  supplied  with  water  frun 
flows  at  several  horizons.  In  such  wells  the  discharge  in  mixed  water 
from  the  several  depths,  and  its  temperature  is  consequently  ii  result- 
ant  of  the  mixture. 

Three  of  the  wells  tap  the  upper  flow  only,  and  tlit^se  furnish  dall 
I  Irom  which  the  rate  of  increase  in  temperature  can  be  calculated.  In 
1  tiiree  other  wells  (li),  18,  and  32  of  the  following  table)  the  upper 
'  flows  are  eased  off  and  the  lowest  flow  only  is  used.  The  following 
■  tftblv  shows  the  gradient  or  mte  of  increase  for  theso  wella,  expreaeoii 
11^  feet  fOTl  degree:  \ 


nr 


D..litLof  T™i|.-r     OrHiii- 
ifi.w         Htiire.         F^ul 


It  \s  (It  once  iiotic-i'd  lluit  Ihcwi-  w.^lls  liiivr  ;ib7i(irmiilly  Wiinii  \\ali-r. 
a  fiii'l  wliicli  is  liroii;;ht  out  by  the  riite.s  iif  iiicrcasr  or  gr itil it'll  1.- 
shown  in  the  table.  In  olhcr  regiimw  the  usual  rate  of  incrcuse  is  1 
dcgrei'  in  50  feet,  mt  that  the  nonual  temperatuiv  for  wjiler  fmmii 
depth  of  500  feet  in  ji  region  whvre  the  moan  annual  (oinperjilurei' 
SO  degrees  would  be  (iO  degrees.  It  will  be  seen  that  all  of  ihe  Moxr>' 
wells  show  It  much  higher  rate  of  increase.  For  example:  Wi-il  N-i.' 
has  water  altout  10  degrees  warmer  rlinn  would  In.-  expfcli-ii,  i-imsiil- 
ering  the  dcplli.  which  is  only  515  feet.  In  the  sei'oiwi  place,  it  nill 
be  noted  tlLiit  111-  llifnnometrio  gradient  is  steeper  in  ihc  shallow 
wells. 
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Before  attempting  to  account  for  the  abnormal  temperature  of  the 
water,  or  to  explain  the  rather  exceptional  variation  in  gradients, 
attention  should  be  given  to  several  factors  which  might  be  thought 
to  influence  the  recorded  temperatures.  Observations  of  well  tem- 
peratures are  usually  scattered  over  large  areas,  so  that  some  differ- 
enees  are  to  be  expected,  but  in  the  present  case  the  area  in  which 
iheae  six  wells  are  located  is  limited,*  being  not  more  than  1^  miles  in 
longest  diameter.  Neither  is  the  difference  in  elevation  great,  being 
only  about  120  feet,  and  if  the  position  of  the  wat^r  horizons  be  ex- 
pnBBeA  in  elevations  above  sea  level  the  variation  in  gradient  is  not 
iMiterially  affected.  Again,  while  overflowing  wells  undoubtedly 
aSord  the  best  measure  of  underground  temperatures,  it  may  be 
ftonght  that  there  is  considerable  loss  of  heat  in  the  passage  of  the 
Water  to  the  surface,  so  that  the  deeper  wells  might  show  a  lower 
fhermometrie  gradient.  The  wells  here  considered  were  all  flowing 
freely  at  the  time  of  observation,  with  the  exception  of  No.  10,  which, 
"however,  shows  a  gradient  slightly  steeper  than  No.  22,  which  is  not 
quite  ao  deep.  This  factor  of  loss  of  heat  in  the  passage  of  the  water 
upward  in  the  well  tube  can  therefore  apparently  be  disregarded. 
If  it  were  at  all  important,  it  would  show  underground  water  temper- 
vlnree  even  more  abnormal  than  is  expressed  in  the  foregoing  table. 

Temjierature  data  obtained  in  artesian  wells  may  be  assumed  to 
Indicate  underground  temperatures,  and  the  records  from  wells  in 
WIerent  countries  have  been  used  generally  by  geologists  and  physi- 
data  in  determining  the  normal  rate  of  increase  of  temperature  as  the 
earth's  crust  is  x)enetrated.  It  does  not  seem  plain,  however,  that  the 
water  temperatures  given  in  the  foregoing  table  necessarily  represent 
the  earth  temperatures  at  the  levels  where  the  wells  tap  the  water- 
bearing beds.  The  water  from  these  wells  possesses  a  relatively  high 
temperature,  which  may  be  regarded  as  having  its  origin  not  in  the 
immediate  source  but  in  the  greater  depth  from  which  the  water  is 
derived.  The  high  temperature,  therefore,  may  be  said  not  to  be 
indigenous  but  transferred.  This  theory  involves  considerable  move- 
ment of  the  underground  water,  in  order  that  the  progress  upward 
may  be  rapid  enough  to  prevent  loss  of  heat  to  an  extent  suf&cient  to 
faring  the  temperature  of  the  water  down  to  the  normal  temperature 
for  the  depth  at  which  the  flow  is  encountered.  This  upward  transfer 
of  heated  waters  must  of  course  cause  a  temperature  change  in  the 
inclosing  rock,  except  where  this  is  impervious,  and  therefore  pos- 
■oeooo  a  relatively  low  degree  of  conductivity. 

This  hypothesis  not  only  accounts  for  the  high  temperature,  but 
may  also  serve  to  explain  the  variation  in  gradient.  In  their  progress 
upward  (a  movement  taking  place  for  the  most  part  along  the  beds, 
and  thus  involving  a  horizontal  element  much  greater  than  the  verti- 
cal) the  waters  lose  a  i)ortion  of  their  heat,  as  is  shown  by  the  fact 
tliat  in  most  cases  the  deeper  wells  discharge  the  warmer  water. 
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AcyiordinR  U>  th«  foregoing  table,  this  loss  of  htiat  varies  frwin  1  tli 
in  ubout  KK)  feot  to  only  ont^-half  degree  in  17:(  feet,  anil  IjeingentJ 
out  of  proportion  with  Ibe  utniai  rate  of  i]ettruaHt>  in  oarth  tern] 
turoK,  il  follows  that  th»  wi^Us  which  tap  the  flow  near  the  surface, 
relat'iv(>ly  higher,  mast  tUiow  n  8t«c;t>ertherniometriu  gradient  than 
deeper  wells. 

Since  the  lateral  element  is  soimporlaiit  in  the  underground  nl(IV^ 
ment  of  artesian  water,  Htt«utiou  must  Ih>  K'ven  l-o  the  relative  ixwi- 
tion  of  the  wells,  oHpeeially  with  regard  to  the  form  of  the  basin  and 
ita  probable  influence  upon  the  waters  moving  within  the  bods  of  sawt 
Itonft.  Wells  Nob.  18  and  19  furnish  an  enoeption  to  the  statemut 
that  thu  deeper  wells  discharge  the  warniei-  water.  In  this  case,  well 
No.  IS,  although  tapping  the  water  horizon  127  feet  deeper  )>en«alii 
the  surface  than  well  No.  10,  or  about  ItXI  feet  lower  referrvd  to  wn 
level,  discharges  wat«r  1  degree  colder  than  the  latter  well.  Ab 
explanalion  of  this  may  be  found  in  the  structure  of  the  basin.  Al 
shown  in  fig.  7,  page  48,  the  syncline  is  sharply  compressed  im  the 
south  side,  and,  ah  has  already  been  tttat^d,  it  is  prolmbU-  thai  Ilie 
I  jUOdstoneN  may  have  had  Uieir  tcxl<in.>  affected  by  this  (ximpreasiao, 
|*Bspeci«lly  their  porosity.  Well  No.  IS  in  near  the  south  side  of  tlw 
4.  basin,  and  thus  possibly  within  the  area  affecleKl.  Ou  this  supposition 
yj^ere  ja  a  loss  free  movement  of  the  undei^ound  waters  in  their  flow 
toward  this  part  of  Uie  basin,  and  therefore  they  auffer  a  greater  loss 
,  of  original  heat.  This  hypothesis  is  supported  by  the  fact  th»t  welb 
<  S^os.  a  and  !),  in  this  part  of  the  area,  wlule  supplied  by  several  IHbw*, 
aiii!    lli.Ti'l-nn.    11, ,1  ;iviiiliilili-    fill-  diiv.>(   ci.iiiiJari.Hi.ii,  >]uny  thi-  Inw.'sl 


nior.'  I'iiMluT  iior-IJL  in  I  hi'  Hiiiiii-  bjisiii.  Tin- conipiii'isiiii  of  I  ln^s,.  w.Ols 
supplii'd  wjlh  wlial  )iiav  bo  t..-nn.-.l  mi.xcd  wat.-rs.  i,s  n..1  Ijilnilnifi!.  for 

the  <'li'iij>'iil  iifdi-plh   Ix'conies  1 -oinplicnted.  ou'int-' tii  thi'  ^t<venil 

flows  i-.mlviliiitititf  111  111.-  disohargf.  Il  may  be  MnU-A.  Il.wim  .t.  liial 
her.' filwi  tlio  (i.'nera)  rule  i."  that  the  shallower  flu-  well  tli-'  sU'<-\<vt 
the  yni'iiL-Ji!  or  ritlc  nf  iruTi-ase  of  tfm|>LTJitun'. 

'I'liis  ilisi'iissiiiii  i.if  till'  li'iTipi-nitiiri'  ibiljiliHs  ils  priiclii-Hl  lieiiniijiOD 
liirectioii  .jf  im.vemeni  of  the  uiidiTunjtiii.l  wiitw 
II'  supply,      lli'giinlitifi  din-elinn  of   llnw,  ihi.'  I'vi- 
ovemi'iLl.  along  the  trongh  of  the  syiicline  fiimi  the 
■  dip  111'  [liM'h  of  the  fold  is  hero  to  the  west  tlie 
■li.     The  .soiiiv.o  of  this  water,  Iheu,  is  west  of  ibe 
.ill  .Mo\i!f  \'alley.     This  accords  wilh  Thi'slatiMiientsuiiMlf 
regarding  the  greal-iir  precipilalioii  in  llie  ^^l■sU'l■ll  [lan  ot 
Again,  if  the  fissure  hypothesis  is  jissiiilii-<I    li.   !»■  i-nr- 
jnilion  of  the  tissures,  a«  stated  by  I'rofi-.ssur  Ruj- 
sell,  is  in  lUe  viriiiity  of  Vakinia  River,  or  west  of  these  wells. 

7Vie  abnormiilly  IiikIi  leuipcratnre  of  the  water  in  all  .>f  these  wells. 
tiigollii'i-  with  ihe  \iirnavoii  \ii  '.iv-.u\\e«\.,  N-t.Wm-wAw^  -awauiui',1  in  imli- 
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ale  upwMdmyf— H;  mmlitm  qoeeUoB ronudns.  What  in  the  depth 
it  which  the  original  tempeimtiiTe  is  acquired?    It  is  possible  that  the 
kuweet  point  in  the  ^yneline  is  deep  enough  to  give  temperatures  simi- 
lar to  those  recorded,  even  with  a  more  nearly  normal  gradient.    This, 
however,  would  not  allow  for  any  loss  of  heat  as  the  water  moved 
upward  along  the  bottom  of  the  basin.     Furthermore,  the  temperature 
of  the  water  from  the  Wilson  well,  in  the  western  part  of  the  basin,  is 
.80  degrees,  which  would  indicate  a  gradient  of  1  degree  in  35  feet, 
provided  the  discharge  was  all  from  the  lowest  flow;  but  being  from 
llzee  flows,  the  true  gradient  is  somewhat  steeper.    This  well  being 
rat  of  the  lowest  i>art  of  the  basin  and  nearer  the  surface  intake  pre- 
Tionsly  suggested,  its  waters  are  not  heated  by  having  reached  any 
lower  deptii,  unless  fissures  supply  the  basin.    The  whole  question 
fhiis  resolves  itself  into  an  inquiry  whether  the  excess  of  temperature 
ii  due  to  the  artesian  water  having  its  origin  in  Assures  extending 
town  into  the  basalt  basement,  or  to  a  general  and  regional  high  tem- 
pmture  for  the  whole  floor  of  the  basin. 

The  thickness  of  the  Yakima  basalt  under  the  Atanum-Moxee  Basin 
11  not  less  than  2,500  feet,  and  is  probably  much  greater.     So  far  as 
kngwn,  this  formation  includes  no  porous  beds  extensive  enough  to 
bim  a  water  horison.     Fissures  extending  through  this  mass  of  rock 
to  any  water-bearing  beds  beneath  would  be  supplied  with  water  of  a 
hil^tor  temperature  than  any  found  in  these  wells.    Even  vrith 
Ive  loss  of  heat,  the  water  from  such  a  source  would  be  hot 
than  warm.    The  alternative  hypothesis  of  a  regional  high  tem- 
pttWtnre  appears  more  plausible.    Th  is  great  thickness  of  basalt  which 
ttderlies  the  sandstone  was  poured  forth  in  Miocene  time,  or  compara- 
tMiy  late,  as  floods  of  molten  rock.     While  in  the  millions  of  years 
rinee  its  eruption  it  doubtless  has  lost  practically  all  of  its  original 
Iieftt,  yet  it  seems  jyrobable  that  the  cooling  of  the  earth's  crust  must 
kave  been  retarded  over  the  large  areas  covered  by  these  great  Miocene 
blsalt  flows,  especially  in  view  of  later  volcanic  activity,  as  evidenced 
if  the  Pleistocene  andesitic  eruption.     This  would  result  in  higher 
earth  temperatures  in  this  region,  so  that  the  normal  gradients  could 
not  be  expected.     Thus,  since  the  Wilson  well  discharges  water  from 
Quree  flows,  the  lowest  of  which  is  at  a  depth  of  1,050  feet,  the  true 
gmdient  must  be  steeper  than  1  degree  increase  in  35  feet. 

In  his  study  of  the  Dakota  artesian  basin,  Mr.  N.  H.  Darton  ^  dis- 
covered rather  exceptional  thermal  conditions  for  which  no  satisfac- 
tory explanation  has  been  found.  The  occurrence  of  steep  thermo- 
metric  gradients  over  large  areas  may  indicate  here  also  a  conservation 
of  earth  heat  through  the  thick  mantle  of  Mesozoic  strata.  Near 
Boise,  Idaho,  the  conditions  are  more  like  those  of  the  Yakima  region. 
There  the  Payette  sandstone  is  of  the  same  age  as  the  Ellensburg 
formation  and,  like  it,  contains  the  water-bearing  beds.  Hot  springs 
iflsae  from  that  sandstone,  and  wells  sunk  near  the  city  found,  at  a 
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depth  of  atxiitt  400  feel,  a  supply  of  HrtomiHu  wuber  whiirfa  haK  m 
perature  of  170  degreen.     As  shown  hy  Mr.  Waldemar  Lindgroti,' 
hot  watrfir  JH  apparently  derived  from  the  vicinity  of  vi 
where   i«    I'liocene  time   basaltie   lava   bn)ke  tliroiigh   the    Pai 
sandstone. 

E-BBMANRNUE    UF  SUPPI.Y, 

The  practical  question  which  comes  both  tfl  (hose  who  have  well*  ' 
And  those  who  are  coDuideriiig  the  advisability  of  drilling  fur  wHi«r 
relates  tiO  the  permanence  of  the  artesian  supply.     The  pre<-edintc  w 
tiou  may  have  answered  this  question  in  part.  Imt  a  few  additioi 
oltservations  may  pertinently  be  made. 


The  perceptible  decrease  in  the  pressure  of  some  of  the  older  wells 
has  been  thought  by  some  residents  of  the  district  to  indicate  an  early 
failure  of  all  of  the  wells.  Tu  most  eases  it  will  l>e  not«d  that  the 
wells  first  put  down  were  located  on  higher  ground  than  most  of  the 
wells  at  present  flowing.  In  many  of  these  early  wells  the  original 
pressure  was  low,  so  that  even  a  slight  reduction  changed  them  from 
flowing  to  nonflowing  wells. 

Several  featuies  may  be  cit*d  as  contributing  to  this  decreatve  iu 
pressure.  When  the  iirsl.  wells  were  put  down  the  wat^rin  this  liasin 
undoubtedly  was  under  considerable  pressure,  which  would  naturally 
be  lessened  as  the  stored  supply  of  waticr  was  drawu  upon.  Few  ot 
the  earlier  wells  were  caaed,  and  the  possibility  exists  that  c««ing  and 
partial  cl(^^ing  of  the  wells  have  caused  the  lowering  of  the  pressure. 
Lack  of  cjising  has  also  doubtles-s  contributed  to  leakage  at  horizons 
where  a  difference  iu  prt^ssurcs  allowed  the  water  to  escape.  Willi 
even  the  best  well  construction  the  deci«as6  in  pressure  would  i-on- 
tinue  until  ihe  total  discharge  of  the  wells  of  the  area  ctjualed  Ihr 
amount  of  water  received  hy  the  basin.  The  indications,  .juiiEiiig 
from  the  teslimimy  uf  ihc  well  owners,  are  that  Ihin  stale  of  ,'<iai\ih- 
riuni  has  l»ei.*n  reacheil. 

Kai-li  yi'ai-  new  wells  are  being  drilled  in  Moxec  Valley,  and  il  is 
jiriiltaljlc  Ifial  llic  success  of  the  WilsoiL  well  will  cause  other  oells 
to  be  ].ut  di>wri  in  Wi.le  Hollow,  where  water  is  iLeeded.  In  the  Miw* 
area,  it  is  doubtful  whether,  under  jireseril  cudditions,  the  in.'rejusfi'f 
wells  will  result,  in  any  increase  in  llic  tulal  ilisdiarge,  if  the  siip|wsi- 
tion  be  correct  that  the  dischai^e  now  equals  ilic  supjdy.  New  wells 
will  mean,  therefoiT,  only  a  fui-lhcr  divisimi  of  tlic  water  supply.  In 
certain  cases  this  will  be  advantageous,  if  it  enables  Ihe  water  fi>f 
irrigation  to  1m-  distributed  more  ecoTK)inii.-al!y,  Hut  as  fnil.lwt 
demands  are  nia<lo  upon  the  underground  supply  of  water,  the  time 
mant  foniit  whtm  it  wUl  )>i'  :i  survival  of  tlie  Hllest,  since  the  low i'!*! 
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weOSf  especially  those  which  are  situated  where  the  underground 

r^sovement  of  water  is  least  restricted,  will  continue  to  flow  even  after 

' '  Uie  pressure  is  lowered  to  a  point  where  the  higher  wells  can  not  be 

-  snpplied.     If  the  foregoing  suppositions  regarding  the  movement  of 

the  artesian  water  in  this  basin  are  correct,  the  wells  that  would  (H>n- 

tinue  to  flow  would  be  those  having  the  warmest  water. 

The  underground  supply  of  water  must  not  be  considered  unlim- 

.   itied,  any  more  than  the  surface  supply.     The  artesian  basin  should  be 

' .  mgaided  simply  as  a  reservoir  in  which  water  is  collected  and  stored, 

'  .and  not  only  should  wasteful  use  of  it  be  avoided,  but  the  fact  that 

it  is  stored  should  rather  prompt  economy  in  its  use.     In  view  of 

the  xx>ssibility  of  exhausting  the  artesian  resources  of  the  district,  more 

attention  should  be  given  to  preventing  waste  of  the  water. 

PRBCAUnONS  TO  BK  OB8KRYKD. 

•  Unfortunately,  some  wells  are  so  constructed  that  the  discharge  can 
t'-  sot  be  controlled,  and  waste  must  continue  both  at  the  surface  and 
V  below;  hence  it  is  of  prime  importance  that  attention  be  given  to  cor- 
rect oonstmotion  of  the  wells.    The  following  practical  hints,  quoted 
from  a  report  of  Prof.  J.  E.  Todd,^  will  serve  to  call  attention  to  geo- 
logie  oonditions  which  must  be  kept  in  mind  if  a  well  is  to  be  a  per- 
^i?paiient  saeoess: 

^  '^(l)  Sinoe  fhe  prMsnxe  in  the  npper  flows  is  leas  than  in  the  lower  by  many 
g^hMtods  to  the  inch,  it  is  very  important  that  tlMcommonication  between  the  lower 
Ijfttws  and  the  higher  ahoiild  he  entirely  cut  off,  otherwise  the  full  preesnre  from 
^VflM  lower  stratam  will  not  be  obeerved  at  the  month  of  the  well,  but  will  expend 
;:  ilHlf  hf  leaking  into  the  strata  below  the  surface.  The  desire  of  the  well  digger 
^'!|d  keep  his  pipe  looee  may  tempt  him  to  leave  the  bore  too  large— hence  the  dan- 
y  ipv  we  speak  of* 

(1)  It  is  very  desirable  that  the  larger  pipe  lining  the  bore  be  firmly  fixed  in  the 
:. .^ard  stratom  above  the  water-bearing  rock.  This  may  be  done  in  most  localities, 
KOS  a  compact  stone  is  found  just  above  the  porous  sands  which  bring  the  water, 
c  lliieh  depends  upon  this,  for  if  a  pipe  be  left  loose  and  the  opening  in  the  rock 
^ -lift  incompletely  stopped  water  is  likely  to  escape  around  the  pipe,  and  if  not 
elwMAWi  may  eventnally  destroy  the  well. 

(8)  A  weU  should  be  sunk  as  rapidly  as  consistent  with  good  work,  especially 
I  after  water  has  been  reached,  otherwise  the  great  pressure  of  the  water  may  cause 
Ij^  to  erode  an  irregular  opening  and  prevent  the  accomplishment  of  the  two  points 
p-alresdy  given. 

^  The  leakage  from  lower  flows  into  upper  porous  beds  apparently 
r*  has  taken  place  in  Moxee  Valley.  A  spring  which  within  a  few  years 
^  has  broken  out  near  the  center  of  sec.  9,  T.  12,  R.  20,  very  probably 
^  is  supplied  by  leakage  from  some  of  the  wells  in  sections  10  or  3  which 
^  have  stopped  flowing.  This  loss  may  be  suf&cient  to  make  a  well 
[>  Talueless,  and  it  is  an  argument  for  properly  casing  a  well,  an  addi- 
tional expense  at  the  time,  but  an  outlay  that  will  insure  the  whole 
Investment. 
-  Most  important  of  all  is  the  economical  use  of  water.    In  1900  few 

*  WaisrgoiyJjy  and  Jrripitlon  Papsr  XJ.a.Q«dL%«m(f  *ao.^v:^a. 
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wells  in  till*  Moxet'  cU»trirt  were  supplieti  with  valves,  nml  therefore 
the  full  (liNchargf  continnes  day  nnd  iiiglit,  summer  nud  winter 
rogar<U<'Hs  of  whether  or  not  the  wat^r  is  needed.  This  flow  of  Um 
wells  in  the  winter  jh  a  wholly  unneeessary  drain  ujmn  the  nodw 
ground  supply,  and  is  douhly  to  Im>  deprecnt«d  »inpe  the  presence  of 
the  water  oti  the  land  during  that  neanon  of  the  year  must  i>e  injurioiuk 
Entirely  ahnttiny  off  the  diseharge  might  introduce  the  danger  of  clog- 
ging the  wells  with  («mid,  hut  they  could  b«  fitted  with  valves  so  llutt 
most  of  the  watt^r  eoiild  l»e  shut  off.  In  addition  lo  shutting  uS  the 
supply,  the  valve  uah,  hy  iwrtial  closing,  be  used  to  iiierease  the  pre*- 
snre  an<l  thus  foree  wat<?r  through  a.  smaller  pipe  into  the  bouse. 

Closing  the  wells  during  the  winter  months,  except  for  verj"  snudl 
flows  suflieieut  for  onlinary  use  about  the  house  and  for  the  stock, 
would  result  iu  the  iieeumulatinu  of  water,  which  would  be  availiiUe 
the  following  summer,  when  most  needed,  aud  the  pressure  for  the 
whole  basin  would  undoubtedly  bo  increased,  RS  shown  by  a  fact  cited 
by  Mr.  Frank  Leverett.'  Wells  in  the  vicinity  of  the  Chicapo  sioct 
yards  ai-e  reiiorled  to  flow  for  only  h  brief  period  each  week,  after  the 
Sunday  intermit^niou  from  pumpiug.  In  that  case  a  few  hours'  ^ca- 
mulntiou  proves  sufficient  l-o  raise  the  pressure,  and  it  is  plain  thnt 
several  months'  aceumulatinn  would  make  considerable  difference  iu 
the  pressure  in  the  Moxee  wells. 

\  Thi:;  matter  of  economy  in  the  use  of  the  artesian  water  should  b« 
it^eu  up  by  those  most  lDtere«ted.  Legal  enactment  would  not 
'  MeotDplteh  mo^  mora  tban  a  local  agr«emeal.  The  result  deaind  ift 
to  insure  a  permanent  supply  of  wiiler  for  the  irrigntion  of  the  valley, 
itiLiI  .-u-rx  pi-op(.Tly  Mwni-i-in  \),.-  .iislrirl  >IhiuM  }«■  r.-;,dy  !.i  Mil.s.ritrt' 
lOiirliclesof  aKrci'iiieiit.  'I'liis  iirMint;eiiiehl  Jippi'iirs  jiza.'lk'aMe.siinf 
those  intercMted  live  within  a  radiun  of  ii  few  iiiilcn  ;tiid  i-iiiislirul* 
practically  a  .linglc  comuiuuity.^ 


Iiiiui.1  Bwtin  has  tnwu  i> 
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The  fnture  of  Yakima  County  promises  to  l)e  suoli  that  ovory  foot 
of  water  available  for  irrigation  can  anil  will  1h*  ntiliz«Ml.  A  f«'W 
hours^  ride  over  any  pai*t  of  the  county  where  new  lan<l  is  Ixmuj;:  i)ut 
under  cultivation  is  sufficient  to  convince  one  of  the  great  agricnlt  nral 
possibilities  of  the  region,  but  without  proper  consci'vatit^n  of  tli«» 
water  resources  these  possibilities  can  not  be  nnulc  to  contril>nte  to  its 
future  wealth. 


flrst  day  of  April  next  ensainif  ft>r  household.  nt<>ok.  nnd  domo^tir  purpo-K's  only,  water  for  !»ald 
last-named  purposes  to  be  taken  from  f>u(*h  wells  throutrh  n  on<>-hHlf  inch  Hto]>  and  wa^to  (vxrk 
to  be  inserted  in  the  plplnir  nf  auch  well  for  that  purpose. 

Set.  2.  It  shall  be  the  duty  of  every  i>er«on,  firm,  corporation,  or  com]>any  having;  iK^s-^t^fwion 
or  control  of  any  artesian  well,  aa  provided  in  section  I  of  thin  act.  to  s4M>urely  cap  the  same  over 
on  or  lief  ore  the  first  day  of  Octolier  in  eat^h  and  every  year  in  8uch  manner  as  ti>  prevent  tht« 
flow  or  escape  of  water  therefrom,  and  to  keep  the  name  Mei'urely  capiH>d  and  jirevent  the  tlow 
(ff  escape  of  water  therefrom  until  the  first  day  of  April  next  enHuincr:  /*ri#i*i</»'«f,  h^rir-  r»r.  it 
shall  and  may  be  lawful  for  any  such  iK«rson,  firm,  corporation,  or  coni]>any  to  insert  a  one-half 
Inch  stop  and  waste  cock  in  the  )>ipin{c  of  sii«-h  well,  and  to  take  and  tine  wnt<>r  th.^^efrom 
throa^h  snch  stox>  and  waste  cock  at  any  time  for  housn^hold.  Ht»>«*k.  or  ilonieMtir  i»iiri)o-»eH.  Imt 
not  otberwlse. 

Set.  3.  Any  person,  whether  a4  owner,  lesse**,  a^eut.  or  manaijer,  having  iMisst'ssloii  or  <*«introl 
of  any  snch  well,  violating  the  provisions  of  this  act  shall  1h>  detMui'ii  truilty  of  a  mi>i<l«>meaiii>r, 
upon  conviction  thereof  shall  Ix*  fined  in  any  sum  not  ex<'eedim;  two  huuilred  dollars  for 
rh  and  every  such  offense,  and  thV?  further  sum  t>f  two  hundred  dollars  for  each  ti-n  days  dur 
hkg  which  snch  Wolation  shall  f*ontinue. 

Sec.  4.  Whenever  any  i)ers*m,  firm,  corporation,  or  c«>mpany  in  |>o«*aes,sion  or  control  of  an 
artesian  well  shall  fail  to  comply  with  the  provisions  of  this  act.  any  person,  firm,  corpora- 
tion, or  company  lawfully  in  the  i>06sossion  of  land  situate  adjacent  to  or  in  the  vicinity  or 
neighborhood  of  snch  well  and  within  five  miles  thereof  may  enter  uixm  the  land  upon  which 
snch  well  is  situate,  and  take  possession  of  such  well  from  which  water  is  allowed  to  flow  or 
sscape  in  violation  of  the  provisions  of  section  1  of  this  act,  and  ca])  such  well  and  shut  in  and 
secure  the  flow  or  escape  of  water  therefrom,  and  the  necessary  exiienses  incrurred  in  so  doini; 
shall  constitute  a  lien  upon  said  well,  and  a  sufllcieut  <iuantity  of  land  surronndiuir  the  same  for 
the  oonTenient  use  and  operation  tliereof.  which  lieu  may  Ih»  f«>reclosed  in  a  civil  action  in  any 
court  of  competent  Jurisdiction,  and  the  court  in  any  suc*h  case  shall  allow  tht>  ])laintitT  a  reason 
able  attorney's  fee  to  Ik*  taxed  as  a  part  of  the  cost.  This  shall  Im>  in  addition  to  the  penalty  pri>- 
Tided  for  in  section  3  of  this  act. 

Passed  the  House  March  7. 1'.mi. 

PasMMl  the  Senate  March  U.  \i*t{. 

Approved  by  the  Governor  Marclj  Ui.  IWH. 
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LETTER  OF  TRANSMITTAL 


I)EPAKTMENT  • 'K  THE    INTEKIi 'R. 
I'XITED   StaTE>   <TEt.»LiM;iCAL  SURVEY. 

lMVIMt.»N   I'K   HYnRiM;RAPHY. 

R:  I  have  the  honor  tot  raii!«ui  it  hen.*with  a  uiaiuiMiTipt  ih'soribiiiir 
methiHls  of  stream  measiireineiit  in  use  hv  the  Division  of 
rography,  and  request  that  it  !>«•  publish^Hl  in  the  s*^*riesof  Water- 
jly  and  Irrigation  Pa[)ers.  This  material  lias  Ix^en  etnupiled  f  n>ni 
JUS  reiK>rts  and  hitters  of  instruction,  and  is  intended  to  emlxnly 
only  a  description  of  the  o[M:*rations  but  in  s*)me  eases  minute 
3tions  wliich  may  assist  the  hydrographers  and  starve  to  increase 
iccuracy  of  results.  It  is  desij|:ned  not  only  to  assist  and  truide  the 
•ographers  employed  by  the  .Sur\-ey  or  working  in  codimmvuii^u 
it,  but  also  to  exhibit  as  nearly  as  ix)ssible  the  degive  of  ac(*uracy 
le  operations  and  of  the  computations  of  results.  It  is  hoped  that 
raulic  engineers  and  others  who  may  Ik*  engageil  in  similar  lines 
ivestigation  will  adopt  these  methods  or  so  nuHlify  theii  own 
ations  that  the  results  will  be  comparal»le  with  those  obtainetl  by 
Survev. 

Veiy  respectfully,  F.  H.  Newell, 

IlfftlnH/niiiJu  r  in  Chunn, 
>n.  Charles  I).  Walcott, 

Director  Unittd  Sfftfts  (noliH/iftil  N///vv  //. 
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METHODS  OF  STREAM  MEASUREMENT. 


IXTROI>rCTIOX. 

The  object  of  the  work  heivin  describeil  is  to  obtain  d^ta  lK*aring 

>on  the  water  resources  of  the  United  Stales.     In  undertaking^  with 

niteil  funds  an  investigation  of  this  character,  it  is  obvious  that  a 

an  must  l)e  adopted  whicli  will  yield  useful  results  with  moderate 

tlav.     The  United  States  is  so  vast  and  offers  such  divn-sitv  of 

pographic  and  climatic  conditions  that  measuivments  of  rivers  in 

e  section  give  data  of  little  value  concerning  thos(»  of  another  sec- 

n.     It  is  therefore  necessary  to  consider  carefully  the  distribution 

field  work  so  as  to  obt^iin  typical  ivsults,  and  at  th(»  same  time  not 

iiffuse  it  so  widely  as  to  desti-oy  its  effectiveness.     Tin*  chief  object 

s  l>een  to  lay  out  the  oix^rations  so  that  there  would  Ik»  obtaiiKMl 

iults  of  practical  value   and  of  a  reasonable  degree  of  accuracy, 

mdly  representative  of  conditions  i)re vailing  throughout  the  I'nited 

it«s,  without  expending  money  for  the  attainment  of  an  unneces- 

•y  degree  of  precision.     There  is  of  coui'se  room  for  wide  diflfer- 

ee  of  opinion  regai*ding  the  best  way  to  attain  this  ol)ject.     In  the 

ictice  of  the  Survey  localities  have  b^MMi  selected  where  the  results 

11  have  a  local  application  to  probh^ns  of  development  and  at  the 

ne  time  will  yield  dat^i  which  can  1k»  applied  to  adjacent  areas 

der  similar  topographic  ccmditions. 

rhe  ojx^rations  of  the  branch  of  the  G(»ological  Survey  which  has  to 

with  hydrography  can  be  dividend  into  t  hree  distinct  chiss<»s :  ( 1 )  The 

sasurement  of  surface  streams;  (2)  the  survey  of  sites  for  and  the 

imation  of  capacity  and  cost  of  reservoirs;  and  (3)  tin*  study  of 

i  quantity  and  movement  of  underground  waters.     The  greater 

rt  of  the  funds  available,  however,  is  devoted  to  the  measurement 

surface  streams,  for  those  an3  of  fii^st  importance,  i-egarding  both 

3  quantity  of  wat^r  obtainable  and  its  industrial  api)lication. 

rhe  work  of  ascertaining  the  flow-  of  a  stream,  as  developed  by 

3  experience  of  the  Division  of  Hydrography,  extending  through 

out  thirteen  yeai's,  consists  of  (1)  observing  and  re<*or(ling  the  daily 

ight  of  the  water,  (2)  measuring  the?  quantity  of  flow  at  different 

ight«,  and  (3)  computing  the  prol)able  flow  at  each  Insight  or  stage 

the  stream. 

rhe  firet  step  is  to  select  a  suitable  locality  for  a  gaging  station. 

though  apparently  simple,  this  is  really  a  difficult  task.     Not  only 

ist  the  actual  conditions  be  favoi*able — the  water  moving  in  nc^arly 

It 


H^^^^lbnui 


ODW    liF   STKB4M    M KAl^TTtEMKNT. 

^ralghl  linps  ovprn  aolid  Iiwl  itnd  Ijutwcuti  well'defini'il  liunks — Iml 
ps  pl»c(>  mnst  be  acfOHsible  a(  nio<l«rn1t.>  post.,  nad  tkeru  niu«l  bo  liv- 
^  near  a,  t'omp<>tent  porsuti  whu  i;an  Ih>  cn^fH^tHl  tu  iwrvv  as  uboerrtir. 
^Buaily  it  is  impractii'ablp  to  hire  ii  in«n  lo  romain  al  a  localiQ'to 
ibfierv«  daily  thi>  heigbl  nf  tli<>  water  and  make  uocasional  nieasart- 
bentH  of  tht»  volmiip.  It  therefoi-e  iMcomes  iiet'essarj*  tii  locate  the 
RaMoii  wt»'re  n  person  of  ordinary  intelligenoc  can  be  fuiployed,  M 
koiTi  t-  Ut  9-'i  A  iiiontli,  M  obHerve  and  not^  the  height  of  ihei^treiun 
ttce  »r  twici*  a  day,  and  each  wovU.  !*ond  fo  the  Siirv-py  a  postal  otrd 
Btulainint'  H  reconi  of  Ihpsi'  fnou.  So  that  in  perhajM  Ibt-  inajorily 
|fe  eaaee  the  Ktatiou  in  lucatiKl  iml  al  the  most  de8irabl<>  pku.'e  fur 
mtutiiing  the  iuf»rmatioii  dpsii'etl,  but  at  the  best  locality  when  tt 
IfHniwtent  observer  can  bo  pi-ocured. 

'  When  a  Biiital)le  lo<'ation  has  Iwen  found  a  gage  is  establtsh«d,  on 
^ioh  the  hi-ight  of  tlie  water  can  easily  be  i-ftad  to  t«nths  of  a  foot 
the  gAgf«  may  be  either  a  vertical  or  an  tnclined  acale,  faBlened  toa 
llev  or  attached  I«  supports  firmly  bedded  in  the  bank.  If  inclined, 
tiK  graduated,  after  no^tlin^,  to  vertical  t«nihs  of  a  foot,  thus  afford- 
^g  a  magiiifif^^l  reading  which  1»  always  at  the  shorts  line.  Somi- 
jhneM  a  wiru  gage  is  iistxl,  a  weight  Ixtlug  lowered  from  n  bridge  nr 
perhangitig  siipi>ort,  and  the  disliance  noted  along  the  homontal 
rale,  Whatever  the  device  the  gage  should  be  i-efern-d  to  peraia- 
wnt  beach  marks  and  maintained  without  alteration. 

From  time  to  time  the  engineers — or  hydrographers,  as  they  are 
«rmed — visit  and  inspect  the  stations  and  make  measurements  of 

tonus  iif  nirrerit  Tiicler  an'  in  iisiv  Tliosi'  pri-ferreil  have  an  elei-trii' 
applinn'-f  so  aiTaii^'t-ti  llial  i-veiy  revoliilion  ••(  the  wheel  causes  a 
click  or  ]t\\7//.  ill  a  small  sounder  in  ilie  hand  or  pocket  of  Ihe  hydroji- 
raphcr.  Many  aulomatie  ilcvici^s  have  hci-u  tried,  bnt  in  the  loiiir 
run  Ihi.s  I'oi'iii  has  proved  tln'  most  satisfactory.  In  nsing  it,  I  la' 
liydrtigi'a]t!ii'r  ccnnils  and  rectrds  in  a  notebook  the  nnmber  of  repe- 
titions <if  the  sound  durinj;.  usually.  5ii  seconds.  The  meter  is  placeii 
in  various  jKirts  nf  the  ci'uss  section  by  sus])ouding  it  from  a  boat  or 
hriil;re,  or,  man-  cotunmnly,  from  a  ciir  in  which  the  hydfographor 
sits,  wliii-h  is  siipporti'd  by  a  stuiU  steel  cable  extending  across  t lie 
stream.      (Sec  1*1.  I.) 

From  till'  occasional  nicasurcmeiilsof  discharge  there  is  const  ructi^l. 
usually  1)\  irraphii-  means,  a  table  sliowiiiL'  the  volume  of  flow  U'r 
.-ai-h  lentil  of  a  foot  height  .>f  the  water.  Krom  this  table  the  ,\\>- 
charge  i^  |ilaccd  up])ositf  the  corrcs|Hiiidiiig  gage  height,  for  each  day. 
thus  giving  the  lluetualions  ut"  tlic  stream,  which  may  he  slated  iu 
terms  of  inaNJiiiiim,  ininiminu.  and  mean  for  the  month,  or  be  shov'ii 
^n'ai.hieally  by  dia-iams.  If  the  area  drained  be  known,  these  results 
can  lie  e\|in'ssed  in  units  iif  ari-a  and  vnlume,  or  in  depth  over  the 
(■/;*;>c  cntcliinent  basin.  'I'he  details  regarding  these  nieasurenieut> 
.■mil  <-'imj»(iIalioiis  are  given  on  \\\e  i>AVs\\\wi\Aw^ts, 
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MEA8UBEMENT8   OVER   WEIBS.  18 

WEIR  MEASUREMENTS. 

The  flow  of  water  in  open  channels  is  eontrolled  by  a  variety  of 
conditions  due  to  artificial  as  well  as  natural  features,  an<l  no  definite 
rule  for  gaging  can  be  prescribed  which  will  bi^  applicable  to  all  cases. 
The  methods  of  oi)eration  must  therefore  1h»  governed  largely  by 
local  conditions,  and  should  be  varied  as  circumstances  require.  The 
accuracy  of  tlie  results  obtained  is  consequently  dependent  in  no 
small  degree  upon  the  judgment  exercised  by  the  hydiH)gi'apher  in 
dealing  with  individual  cases. 

In  general,  meiisurenients  of  the  volume  of  fiowi»g  water  in  open 
channels  may  be  classed  under  two  heads:  (1)  By  means  of  weirs  or 
ilams  u.sed  as  weirs,  and  (2)  by  determining  the  mean  v(?locity  and 
the  sectional  area  for  a  given  cross  section.  Using  the  lirst  method, 
the  discharge  of  the  stream  is  computed  by  means  of  an  empirical 
formula,  which  varies  for  different  tyi)esof  dams  or  weirs.  On  creeks 
or  small  rivers  it  is  sometimes  practicable  to  build  a  timber  weir 
across  the  channel,  causing  the  total  flow  of  the  stream  to  pass  over 
the  sharp  edge  of  the  weir  crest.  Various  forms  of  these  wcmi^s  are 
shown  in  Pis.  II  and  III.  By  observing  the  head  on  the  weir  com- 
putations of  the  flow  can  be  made.  This  is  probably  the  most  accu- 
rate method  applicable  to  small  streams.  On  large  rivers,  however, 
the  cost  of  a  weir  is  usually  so  great  as  to  be  prohibitive,  so  that  if 
there  is  not  a  weir  or  dam  already  in  the  stream  ii  is  necessary  to 
resort  to  measurements  by  floats  or  cnirrent  meteors,  as  described 
further  on. 

On  many  rivers  of  moderate  size  the  conditions  are  unfavorable  for 
successfully  applying  either  of  these  methods.  For  instance,  on 
streams  used  for  manufacturing  purposes  dams  occur  at  frc(iucnt 
intervals,  interrupting  the  regular  flow  and  in  many  cases  holding 
back  the  night  flow  for  use  during  the  following  day,  so  that  the  dis- 
charge during  the  night  may  be  (*ithei'  nothing  or  a  v(M*y  small  per- 
centage of  the  day  flow.  Then,  loo,  the  shutting  down  of  the  mill 
wheels  for  an  hour  at  noon  may  have  a  pronouncinl  eife<'r  ui)on 
the  results  of  float  or  m(4er  measurements  made  below  the  mill. 
Unfortunately  these  variations  are  not  always  ai)parent  to  th<*  hydrog- 
rapher,  and  surprise  and  annoyance  are  caused  by  tinding  that 
the  river  height  differs  by  several  tcMiths  from  the  gag(»  as  read  by  the 
regular  observer  possibly  an  hour  or  two  before  the  hydrographer 
arrived  at.  the  stiition. 

Frequently  it  is  almost  impossible  to  tind  a  section  upon  a  stream 
used  for  industrial  purposes  when^  the  tiow  is  not  interrupted  by  the 
backwater  from  dams  below.  If  a  station  is  s<de(*ted  at  the  time  of 
high  water  this  bacfking  up  of  the  river  may  not  be  a[)parent  to  the 
hydrographer,  but  at  the  low- water  season  he  may  find  that  thi^  river 
at  the  station  is  merely  a  placid  pond,  apparently  without  current, 
making  measurements  impracticable.      Examples   are    Blackstone 
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1-  In  MassnchasetLs  and  Rlinde  IsIbikI  and  tho  SanduRkf  in  Ohio. 
(  tlie  fill!  iif  a  atream  is  suffiripntly  rapid  a  section  for  met4>r  n« 
wiuonts  may  be  found  just.  In'Iow  one  of  the  inlUdHins,  nieasiiw-TT 

Beiit«  at  HiK^i  iKiiiitM  tifit  iK-itijj;  afreclt>d  by  the  backwater.     Tbi-y 

rnvB,  however,  !*tib,K'fit  I<>  all  of  Ih*-  i>liangi^9  due  in  gat**  openini? nt 

^e  mills  nbovit, 

MIULDAMS  AS  WBIRS. 

r  T.l'nder  thf  conditions  dt'sfribt'd  better  i-osults  can  undonbtedly  t^ 
h^tained  if  there  esislw  upon  the  stream  a  ko<'<1  dam  which  can  be 
I  as  a  weir.  It  should  have  a  level,  even  crest  and  a  constant 
r^ross  section,  with  wufBeient  pondage  to  reduce  tin-  volwlty  of 
japproat^h,  and  it  shouhl  lit-  tvfi'  from  leakage.  Masnnr>'  dams  sm 
I  "better  for  this  pnrposf,  for  tlie\-  are  more  likely  Ui  Ih-  TJghl.  and  to 
Tiave  an  even  crest.  Timljer  dams  although  level  wbon  flrrt  Wfi- 
Rferucted  are  likely  to  settle  at  Various  points  across  the  Mtrtam,  l-IiU!' 
TOrodneing  an  uneven  crest  elevation.  There  are,  howovor,  mnaf  gucxl 
Kimber  daniN  practically  free  From  leakage  and  with  crestesaffli^iently 
rnniforni  for  at-cunvt«  work,  PI.  IV  shows  two  tia,ms  aaitable  for  use, 
I  *nd  PI.  V  shows  two  not  suitable  for  nee. 

*  Having  selected  a  dam  as  the  i>roi)er  site  fur  a  station,  a  careful  siir- 
rVpy  must  be  made  of  the  crest  line  and  of  the  upper  and  lower  slopes, 
iBo  that  it  I'jin  l>e  wimpaVed  with  other  rhims  or  with  ftx|icri mental  sec- 
Tlons  for  which  Uic  coefflcieuts  of  flow  are  kiiowii.    The  ex]>erimei]t«of 

3*mas  B.  Pnuicts,  of  Fteley  and  Steams,  and  uf  John  R.  FreemaB, 

Cc'irfje   \y.    Raft-^r.    nnd    oth.-vt^    ;it    Odrnell   T" 

(-cM'tlii-icnls  npoii  in;iny  sci-tions  of  variims  form 
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Dberof  records  thnt  are  taken,  which  fnclnde  the  height  of  the 
pr  on  the  <-!vsl  of  tlie  dam,  the  niimber  and  size  of  the  gate  oi>en- 
^  the  time  u(  sliirtiiiy  and  fiiiijijiiii;:  lln'  wheels,  and  all  changes  of 
»;  yet  in  maiiy  cases  the  results  (iliiaiiiod  will  be  more  accurate 
I  those  (U'rivoil  fiom  moter  measurements  made  under  unfavorable 
Utions.     A  sample  of  one  of  the  reconi  sheets  is  given  her<^'with: 
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n'HODS   OF    STBEAM    MKASUBEMENT. 

Then  flashboaiils  are  uspiI  recoi-ds  iiiust  be  kept  of  their  heighi 
t  the  time  of  t>la<'li)}!  them,  su  that  a  different  formuln  ean  lie  n't:! 

r  the  flaahljiiards  thsti  tor  that  over  the  broHd-crast«d  i 
t  in  oostoiiiiiry  lo  use  KranoU's  formula  for  shar^i-crecittxl  w«.>u>for  i 
lOtiiig  th««  flijw  over  the  flaahlmarUH,     Si  ue  of  the  difficuitiet  pdc 
ed  iti  iiu>»^uriii;t  the  flow  of  Htr<>amt>  by  uHitiK  a  dam  as  a  wi>i 
dfMTil»-.l  in  ilie  Tweiity-Hi-Ht  Annual  Ri-pori,  Part  IV,  [lajji*  31. 

VEU»Crn'  MEASURKMEXTS. 

The  second  method,  and  the  utK>  eummuiily  uimhI  for  de'  ^nnioiu 
flow  of  Htreams.  is  that  in  which  the  areH  of  cross  sectiou  u*  multip"" 
by  the  veloeiiy  per  Hecuud  of  the  water  pas»iug  through  tbesMii"ii. 
iTie  units  commonly  employed  are  those  expreeniQi;  the  area"f  i^ 
cross  section  in  square  feet  and  the  moan  velocity  in  that  om»«»^lli»[ 
In  feer,  per  second.  The  velocity  can  be  measured  by  either  of  tin] 
following  methods;  (1)  By  mean.H  of  floats;  (2)  by  mtaus  of  onmiitj 
meter  or  other  meehanlnal  devii-e. 

"  FLOATS. 

Till.'*  method  is  employed  only  when  circumHtHn(r<!*  do  not  ppmi 
the  liydrographer  to  use  a  ciirrenl.  meter.  If  poSKible  the  wtpslimiU' 
I  be  un  H  straight  reach  having  a  fairly  uniform  cross  section.  Tbej 
'  flow  of  the  wiitt-r  shutild  lie  regular,  without  sudden  rapids  or  slretili« 
I  of  Htiil  water,  and  should  exliibit  no  tendencies  to  form  eddies  or  cr« 
Punrrenta  caused  by  irreifularitiee  In  the  (Aiacnel  or  resiiltiiij;  tram  tl 

.■(T.Tl   uf   :,    sli;,!-]!    fiMiL.l    ,4l.ovi-    (hi-    iv:,<.li.       Th,-    rnur^,-    t.f    llir    tl..ri 
Nliniil.l    liiiM'M     Ini^'llint'    iVulii     Jnli    l,,:iltO    l'<',.|.  :ij„|     |  )„•    iuv;l.- n!    rl 

n-n-s  MTiiuiis  ;ii   Mil'  ii|i|icr  add   lower  enilw  of  Ibis  course  shoiil'l  I 
eiii'i'fiill.v  lii-tei'iiiiriini  by  soiiudiiijiH.     In  the  case  of  courses  mnn-lk 
\"*i  iVet  ill  l''Tii,'lli  it  is  lii-siraljlc  tluil  additional  cross  sections. spMn 
111  i'i]iiiil   inlet  \  ills  ii|);iri,  sbciulil  fic  sounded.     As  a  preliminary  -!■ 
;i  li)i>r  line  ■^lir.iiM  lir  liiiil  iilT,  liv  i.'iiie,  on  the  bank,  as  nearly  as  [-"- 
-stlili'  ii;ii'iill<'l  ujili  iIk'  ^in'iLiii.  iiiii!  [loiiits  should  be  marked  nppo'i'' 
llif  I'tiiss  ^ccliuiis  to  be  II lea;- 11  re. I.      If  the  sti-e^ni   is  uot  t(»i  wi.l.Mli. 
soinidiiitrw  in  a  I'ross  seel  ion  can  be  taken  most  e'invenieiilly  aluii-i 
lii;:t;eil  ivipc  sivetehed  across  thf  eliannel  iil  rifrlii.  anvil's  to  the  lia-* 
If  the  lieplli  does  iiol   e.tceed  4  feel    this  can   be  done   by  wadiuL'.  ih- 
ileplb  beiii^r  |.,jj|,|  „ii  a  rod  -mdiiated  lo  feel  anil  tenths.      Should  lin 
deiHli  oT  the  eliannel  or  liie  leniperHtuiv  of  the  wal^-r  make  wailiui 
impossible,  a  boal  should  be  nsed.     dn  large  rivers,  where  a  laL-nil- 
eaii  not  be  employi'd.  llie  boal   from  which  Ihe  soundings  arc  t.i  I- 
made  sliould  la-  loeali-d  by  wimph'  Irianyulation  or  stadia.     Son'mliiiL" 
sIl.hiI.I  be  rend  lo  tenths  of  a  fool  and  be  lakeii,  preferably-,  -.v   .■i|ii» 
i|isl;ii,,.,^s  ajmrl.     lo  d-.p    riv-rs  n    la-'-d    rope  or  ebain   wiili  I-..- 
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FLOATS.*  17 

reconnaisance  work,  in  which  the  equipment  is  as  a  rnle  limited 
rausportation  facilities,  surface  floats  consisting  of  chips  will  be 
id  most  convenient.  The  use  of  rod  floats,  thoujrh  giving  more 
L^tly  the  mean  velocity,  has  many  disadvantages  and  should  not 
ttempted  unless  time  and  opportunity  permit  of  obtaining  floats  of 
i-equired  lengths.  In  the  simplest  case  but  one  man  is  needed  to 
:e  the  observations.  The  surface  floats  should  be  thrown  into  the 
\m  a  considerable  distance  above  the  first  cross  section.  The 
rographer  should  attempt  to  start  the  floats,  successively,  at  dif- 
nt  distances  from  the  shore,  in  order  to  determine  the  velocity  in 
jrent  parts  of  the  channel.  The  time  of  the  passage  of  each  float 
reen  the  upper  and  lower  cross  section  should  be  noted,  prefer- 
'  by  a  stop  watch,  and  also  the  position  of  each  float  with  respect 
he  tags  on  the  ropes.  This  will  enable  the  hydrographer  to 
rmine  whether  or  not  he  succeeds  in  covering  the  different  parts 
he  stream,  and  it  will  serve  as  an  aid  in  thf»  computation.  '^I'he 
rvations  should  be  continued  until  all  parts  of  tlie  stream  have 
I  covere<l. 

1  wide  rivers  range  polos  should  be  establislied  on  opposite  shores 
ark  the  upper  and  lower  cross  sections.     The  location  of  each  float 

crosses  these  imaginaiy  lines  C5\n  readily  be  recorded  by  triangu- 
m.  A  light  traverse  plane  table  will  be  found  especially  uj^ful 
[>taining  a  graphic  record. 

case  rod  or  tube  floats  are  employed  care  should  be  taken  to  select 
p  lengths  to  suit  the  depths  of  the  channel.  They  should  be 
^hteii  and  adjusted  as  to  depth  of  immersion  so  as  to  move  in  a 
ical  jwsition,  the  bottom  clearing  the  bed  of  the  stream  sufficiently 
void  contact  with  irregularities  and  the  top  projecting  far  enougli 
re  the  water  to  be  plainly  visible.  The  velocity  indicated  by  a  \ 
or  tube  float  is  slightly  in  excess  of  the  mean  velocity  of  the  patli  ) 
ersed,  the  error  being  mainly  traceable  to  the  distance  between 
bottom  of  the  float  and  the  bed  of  the  river,  the  slowest  velocities 
being  taken  into  account.  As  a  rule  the  error  is  small  enough  to 
egligible  in  this  class  of  work,  and  the  velocities  so  obtained  may 
egarded  as  representing  mean  velocities. 

le  method  of  gaging  streams  by  the  aid  of  floats  can  l)e  simi)lifie<l 
laborated  according  to  the  nature  of  the  case  and  the  time  and 
Lities  at  the  command  of  the  hydrographer. 

.  making  the  computation  the  area  of  the  cross  section  is  obtaiueil 
.veraging  the  areas  of  all  the  cross  sections  measured,  i)rovide(l 
•  are  tiiken  at  equal  distances  apart.  Care  should  be  exercised 
xclude  from  the  computation  all  areas  of  still  water  along  the 
es.  The  float  measurements  should  Ik^  groupe<l  and  n*(liiced  1o 
I  a  set  of  velocities  about  equally  distributeil  across  the  cliannel, 

the  mean  of  this  set  be  taken  to  represent  the  mean  surface 
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18  METHODS   OF   STREAM    MEASL'BKMENT. 

veltwity  of  llic  stream.  The  mean  velocity  for  Ihe  entire  stToaju  may 
then  be  assumed  to  be  0.8  of  the  former.  For  the  average  ulreaiii  Uiis 
relation  is  close  enough  for  all  practical  purposes,  provided  the  nwUi'U 
of  tlie  llonts  is  not  affeeted  by  wind.  For  that  reason  floats  should  to 
HcleeteU  which  while  bein}^  ensily  discernible  du  not  project  uniiptfis- 
sarily  abov«  Ihu  water. 

While  this  method  of  gaging  doee  not  yield  accurate  results,  it  is 
useful  in  reconimiaaauee  work.  Aside  from  the  uncertaintiea  enl^r- 
ing  into  the  obsei-vations,  the  assumptions  on  which  the  methoda  ul 
observation  and  computation  are  hased  introduce  additionsi  wiuirwi 
of  error,  and  the  method  should  not  be  used  ai  regular  ga^iiij:  st.i- 

tJOQS. 

CURRENT  METERS, 

The  mean  \-elociIy  in  a  vertical  can  lie  deteriiiineti  with  the  current 
metfir  in  three  ways:  (1)  By  making  point  measuremeuto  at  h  dcptb 
ciiriesponding  to  the  approximate  position  of  the  thread  of  mi^'Ho 
velocity;  (2)  by  dcducbig  the  mean  velocity  from  obser^-atioos  mmle 
at  other  i>oin1s  in  the  same  vertical;  and  (3)  by  the  integrstio" 
method , 

UNIT   MEASUREMENTS. 

Studios  of  ihe  vertical  velocity  cupve^made  on  the  Mississippi  by 
Uumphreya  and  Abbot,  ou  the  Uonueetieut  by  T.  G.  Ellis,  oti  tin- 
Merrimau  Hume  by  Wheeler  and  Lynch,  on  the  Potomac  by  C.  C. 
Babb,  and  re<<ent  experiments  by  others,  notably  those  at  Conipll 
rni\.T-^iIy  l)y  K,  C.  Mnrphy.  iiuliciili;  ttiat  Uir  pusitiun  ofihi-  ilir.M.l 
ni  111. Mil  vclurily  ill  ii  j;ivi-ii  vertical  si-niuti  uc,-iirs  al  a  di'iiUi  Viin,;iL; 
from  Hix-lenllis  l.i  Iwu^liinls  of  tli.'  lulal  li.'plh  uf  iht-  ^e.-liim, 
measured  from  the  surf iicf  down.  Thr' valin'-;  fnuiui  in  the  mjhti- 
lucntis  nieuliijiicd  wcry  us  follows: 

C.O.Balib    .  - - _._  O.jS 

Hiimiilireys  and  Ablmt  .   __ _   .03 

T,  G.  Ellia .___ _    ._ .64 

Whfeler  iitid  Lyndi __  .   ..  ___,  _ 67 

Till'  L'onuOl  experiments  indicate  that  meusmvmentjs  made  at  O.ti'i 
xf  tlic  depth  yield  results  4,7  per  cent  too  large,  the  depth  of  menu 
vi'lncitv  I'Mrrcspuiiilinij  more  nearly  with  the  values  obtaine<l  bf 
W'lii'clcr  ami  Lyui'li,  In  this  connection  it  should  be  noted  that  Ihi 
''iiiiii'll  f\[j('riiiti'iils,  ns  well  as  those  of  Wliecler  and  Lynch,  wrn 
111  a']  I'  ill  iMoaJs  anil  Hiinics,  the  ero.'*.?  .sections  of  which  have  a  gn.'nti' 
i';iiiii  III'  ili>]iili  In  widili  than  those  of  the  Jlississippi,  Counei'lii'Ul 
iniil  I'iiinuiif  liMTs.  That  this  (lifTcivnce  in  .llic  ratio  of  depih  h 
uiillh  i^  ii  Cariiii-liUiOy  |.i  alV.Tl  ilic  |ii'--'itioii  of  nu'rm  velocity  will  I. 
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It  is  a  well-established  fact  that  owing  to  the  roughness  of  the  lin- 
ing of  a  channel,  be  the  projections  ever  so  minute,  particles  of  water 
;u*e  continually  deflected  from  the  sides  of  tlie  channel,  the  deflection 
naturally  taking  place  in  the  direction  of  least  resistance,  i.  e.,  toward 
file  surface  and  center  of  the  stream.     This  causes  a  constiint  upward 
flow  along  the  sides  of  the  channel,  and  a  surface  flow  toward  the 
center,  witli  a  tendency  to  lower  tlie  position  of  the  thread  of  maxi- 
mum vekwity  in  any  given  vertical  and  in  the  entire  stream.     This 
depression  of  the  maximum  velocity  is  known  to  become  moi*e  pro- 
nounced as  the  roughness  of  the  lining  increases.     It  also  increases 
•-vith  the  steepness  of  the  banks  and  as  the  ratio  of  depth  to  width 
noreases. 

In  the  extreme  case  of  a  wide,  shallow  stream,  where  the  bottom 
iiorges  imperceptibly  into  the  banks,  maximum  velocity  occurs  under 
i«3rmal  conditions  at  or  very  near  the  surface  of  the  center  of  the 
*t  i-eam.  On  the  other  hand,  in  a  deep,  narrow  channel,  as,  for 
iusstance,  in  a  flume  with  vertical  sides,  maximum  velocity  occurs  a 
'^'•^iisiderable  distance  below  the  surface,  and,  as  the  Cornell  experi- 
nit^Mits  indicate,  this  depression  may  amount  to  as  much  as  one-third, 
<iTid  even  two-fifths,  of  the  total  depth. 

Tlvidently,  in  such  cases  depression  of  maximum  velocity  must 
l'^^5ult  in  a  lowering  of  the  thread  of  mean  velocity,  and  hydrographers 
I IX  making  unit  measurements  for  mean  velocit}'^  should  therefore 
^^«:*nr  in  mind  that  while  observations  at  0.60  depth  give  fair  values 
^<^r  mean  velocity  in  wide,  shallow  rivers,  this  ratio  should  be 
^^crease^  to  0.67  depth  in  the  case  of  canals  and  flumes  or  narrow 
^iid  deep  natural  channels. 

MULTIPLE  MEASUREMENTS. 

The  following  methods  are  in  use:  (1)  Observations  at  top  and 
t^ottom;  (2)  observations  at  mid  depth;  (3)  observations  of  surface 
Velocity;  and  (4)  observations  at  a  series  of  points  in  a  vertical. 

(1)  By  the  first  method  measurements  are  made  in  each  vertical  as 
^lear  the  bottom  as  the  construction  of  the  meter  will  permit,  also 
0  ust  below  the  surface.  The  mean  of  the  results  so  obtained  is  taken 
Hs  the  mean  velocity.  This  method  should  never  be  used  except  in 
vst reams  shallow  in  comparison  with  their  widtli.  The  method  assumes 
"that  the  vertical  velocity  curve  is  a  straight  line,  a  condition  which 
c^xists  in  very  few  streams.  In  all  streams  where  the  depression  of 
maximum  velocity  is  material  the  mean  velocities  obtained  by  this 
method  are  invariablv  too  snuill. 

(2)  The  second  method  consists  of  making  measurements  at  mid 
<lepth,  and  taking  about  05  per  cent  of  the  result  to  obtain  the  mean 
velocity.  This  methoil  at  best  is  unsatisfactory,  as  the  velocity  at  mid 
4lepth  can  not  be  said  to  bear  a  constant  relation  to  the  mean  velocity. 
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Ueastiremeute  of  surfiKf  velrtcity  art)  fr«in<'ntly  the  onlymefts- 
nremcntB  obtainable,  iwt,  for  iiisUtnve,  In  strt'niim  of  great  velwiiy 
during  II  floo<l  Htaiie,  when  It  b(>cam»i  impoH8iblo  to  lowor  the  ounvii' 
meter  or  to  iimiutnin  its  position  at  a  (leiiiir('<l  dppth.  In  auoh 
the  only  course  left  is  to  nieasun*  surfacp  velocity  and  dediKie  ihe 
mea]i  veUx'ity  from  it  by  multiplying  tlio  former  by  a  factor.  Th" 
error  in  this  method  is  the  nMtuniption  that  KurfaoA  velocity,  or  th< 
velocity  indieateil  by  the  eurrt^iit  meter  just  lielow  the  snrrAc«,  bean 
somo  direct  relaliou  Ui  the  mean  vt'loeity.  From  the  foregoing  tli- 
eussion  it  will  be  apparent  that  thu  HMsiiniption  is  not  correct  nm 
eotiHiderable  judgment  should  be  exurcisetl  in  computing  tbe  ki'mti 
velocity.  Whore  from  the  nature  nf  the  conditions  it  appears  tlmt 
the  surface  velocity  practically  repi-esents  the  maxiuau  vrfocitv, . 
factor  of  11.8  should  be  taken;  while  in  case  the  inaxfmam  tbIikji; 
occurs  lower  down,  a  factor  of  O.i),  and  even  of  I.IJ,  (Uionld  lie  osi'l 
tiO  obtain  the  mean  velocity. 

(4)  7'he  fourth  and  most  ticeiirate  method  is  to  make  moasoreinciit* 
at  regular  intt'rvals  in  a  vertical,  plottinff  the  velocities  m  oblAini') 
on  cross-section  paper,  and  determining  the  value  of  the  mean  vi-lw- 
ity  by  dividinj;  the  area  inclosed  by  the  curve  by  the  total  deptb, 

INTEGBATION   MBTQOD. 

By  moving  the  current  meter  uniformly  in  a  vertical  from  the  stir- 
face  downward  until  the  bottom  is  reached,  then  moving  it  upvnnl, 
repeating  the  operatiou  as  often  aa  desired,  tbe  velocities  in  x\w  v<t 

lical  are  intr-sratnd  mechanically,  and  the  mean  veloriiy  .mh  1" 

iiiiiili^.  Ctit'i' .sjiiiuld  1)1-  liikcii  lliiil  llic  muliuii  is  uiiiloiiii  hikI  -a... 
cieiitly  sliiw  tii  iirfveul,  the  introduction  of  large  errors  iutfi  \hv 
re.siiltanl  vclocilii's,  due  to  the  up  or  down  motion  of  the  oii'ii-i'. 
^ti-iirns's  c.xpcrimcnt.s  indicate  that  in  moving  the  Ft«ley  meter  ai  ii 
velocity  not  to  e.tceed  5  per  .■enl  of  the  velocity  of  the  current  im 
material  errors  Hi'c  iutnKiuced.  The  construction  of  the  meter  shoiiM 
ahvfiys  lie  taken  into  account  in  considering  or  allowing  for  errors  '<^ 
Mils  kind.  Thus  in  the  use  of  the  Fteley  meter  a  too  rapid  np  ni 
diiwn  iiioiion  causes  a  dcrrcase  in  the  velocity  indicated,  while  «i'ii 
the  I'rice  uiett-r,  nr,  indeed,  willl  any  form  of  meter  adjusted  to  ln'iut 
ill  tlie  direction  of  the  rcsultiinl  velocity,  the  results  will  be  tflo  laryi'. 
Fur  both  kinds  of  meter,  liowi'Vi'r,  the  errors,  whether  negativr  •»• 
positive,  will  lie  largest,  in  iiileurutiug  low  velocities. 

Aside  from  the  metlind  Jitr^l  desi'vilieil,  integration  of  the  eiitir'' 
eross  section  of  a  stream  can  he  made  by  moving  the  meter  ol)liqm.'ly 
up  and  down,  starting  at  "iw  Ifiiiik  and  proceeding  across  the  streai". 
This  meth.Kl  has  n  liniiled  aiiplicaliou,  for  in  the  first  place  tl;.' 
'iiir.-isiiromeiil  inii.st  In-  made  t'l'om  n  bridge  or  by  wa'iing,  and  in  lli" 
Si'L'oiiil  j)ln{.\'  the  lime  ol!  lUe  uy»iU\>\  i\ii\\\\i.\s.o\\(i\i.-s\\\w*t  IxivariiHl  prvi- 
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pnrtionately  to  the  depth,  which  in  an  irregubir  channel  requires  con- 

siiWnible  computation.     The  method  is  employed  to  best  advantage 

un  flumes,  where  the  depth  is  uniform  and  where  a  plank  can  be 

thrown  across  at  any  suitable  point  to  permit  the  hydrographer  to 

proceed  gradually  across  the  channel. 

GACilXG  STATIOXS. 

In  the  selection  of  sites  for  j)ermanent  gaging  stations  much  depends 
iilK)ii  the  judgment  and  discretion  of  the  liydrographer.  If  possible 
tlH»secti<m  selected  should  be  in  a  sti*aight  portion  of  the  channel, 
^licre  the  flow  is  regular  and  free  from  natural  or  artificial  obstruc- 
tiim.  SectioiLS  near  bridges  which  contain  accumulations  of  brush 
and  snags  in  which  current  meters  ai^e  lik(4y  to  b(»come  entangled 
j^lioukl  be  avoided,  also  proximity  to  dams,  eitlier  above  or  below  the 
j  siation.  It  is  important  tlmt  the  banks  !>e  fairly  high  and  not  likely 
to  overflow  except  at  unusually  high  stages  of  the  river,  and  that  the 
.  '»f*<l  should  exhibit  no  tendencies  to  sliift  or  be  subject  to  other 
<lianges  produced  by  scouring  out  or  filling  in  of  sediment. 

A  river  channel  is  often  obstructed  by  piei*s  and  cofferdams,  which 
'^<^'i  up  cross  currents  and  render  it  imjwssible  to  obtain  accurate 
"UNisurements  in  their  vicinity.     In  such  cases  other  points  of  meas- 
urement must  be  selected  and   other  means  of  making   tliem   be 
^*'iipioyed.     Where  the  streams  are  deep  l)oats  are  used  (Pis.  VI,  A, 
^11,  and  VIII)  or  cables  are  suspended  out  of  reach  of  flood  water.    In 
^^^me  localities  boats  possess  a  certain  advantage,  but  wliere  they  can 
'^♦'t  be  hired  at  moderate  outlay  it  has  been  deemed  impracticable  to 
P'irchase  and  keep  them,  for  they  are  likely  to  be  injured  or  stolen 
<Iuring  the  intervals  between  measurements. 

It  is  desirable  that  the  gage  be  set  so  that  no  minus  readings  will 
ocour — tlie  zero  being  placed  say  1  foot  below  the  lowest  known 
'^^Hge;  but  information  on  this  point  obtained  from  the  oldest  inhab- 
*^'ints  will  often  he  found  erroneous  or  unreliable,  and  a  safe  margin 
'*^^i<>uld  be  allowed. 

Where  possible  two  or  more  gages  should  he  established  at  each  station, 
'H*ing  connected  by  level  lines,  so  that  the  slope  of  tlie  water  surface 
'5*n  Ix^  read  at  various  elevations. 

It  should  be  borne  in  mind  b}'  the  hydrographer  in  the  field  that 
^le  object  is  to  obtain  data  of  the  most  value  to  the  public.  Work 
Hat  has  only  local  application  or  is  limited  in  scope  should  not  be 
'^iidert^ken.  In  entering  upon  an  investigation,  or  in  preparing  a 
**^*I)ort  of  the  results  of  the  work,  full  iuforniatinn  should  be  given 
^'•\irarding  its  puri)ose,  and  menticm  should  be  made  of  all  facts  which 
*ii  any  way  affect  it^  value.  The  simple  stateim»ut  that  a  certain 
'Stream  was  carrying  at  a  specified  time  a  stated  amount  of  water  is 
in  itself  important,  but  its  value  can  be  greatly  increased  by  the 
statement  of  additional  fact.s,  such  as,  for*instance,  the  i*eason  for 
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uwinilfe^ 


making  tJie  mcjuinrpnionts,  the  charftoT*>r  o(  the  drainage  luwin 
aud  b«li>w  thfl  Btatioa,  and  the  uhnni^H  in  the  behavior  of  the  sin-ttiii 
which  may  have  iJeen  product?d  by  annual  fliietnations  in  the  rnu-DfT, 
by  exoowfivt.1  tpmperatureB,  by  artitlcial  ybW.rncHous  or  diversions  of 
the  wattT,  or  iithprwise.  Facts  of  this  eharadvr  usually  an>  well 
known  to  thy  tiydnigmpher  al  the  time  he  makes  his  report,  anilnnty 
appear  lo  him  too  trivial  to  mention;  but  it  nhould  be  rememt-'n-d 
that  the  tigurett  whieh  he  submila  will  be  used  again  and  a^ain  tiy 
persons  who  do  not  iindtTi4tand  the  loral  ennditioon,  and  for  lljHt 
reawTO  may  be  niiaapplied. 

The  object  of  daily  obKervatlons  is  to  procure  material  for  [tie 
compulation  of  discharge.  If  the  cunditiuuH  at  a  littvtinn  ai«9a«b  llial 
the  reatliugs  t-an  not  lie  made  with  a  rfasounhl*  degmxi  of  aceunu?, 
the  observations  should  not  Iw  coutinuwl,  Tlu-  dIfRcultics  may  arise 
from  »overal  cauaes— from  the  irregular,  shiftinii;  cliaraett'r  of  tlip 
c;banuel,  from  the  imjKiHHlbiUty  to  obtain  reliable  gage  heights  and 
soundings,  or  from  the  Inability  of  the  resident  hydrographer  1«  visit 
tile  place  at  proper  times  and  seasouit.  It  is  necessary,  therefow.  Ui 
carefully  consider  from  time  to  Ume  the  advisability  of  mainiainini^ 
stations  already  established,  in  order  that  eff()rt8  may  not  Ite  wasW 
in  pontinning  readings  of  dubious  value. 

I  BRIDGE  STATIONS. 

B'fiecHU*:'  of  the  (R'nnaneney  of  their  character,  the  small  expciii* 
9|Tolv«d,  sod  tttdtC^M  fi-eedoiuuf  ou^veweat  viiieh  they  permit  Uitr 
hvdrographpr.  bridces  are  preferred  for  pairing  stations  nnd  fov  Uic 

iji:iKiii-n|-  .iisvll;ir--  m.^l-lin^lllrtlls,  {>.;■  i'W.  VI,  /;,  :,u.l  \  II 
liiirli  tn'M.l.'saiiil  niilf.i.iii  ilrck  liriili^.^s  >hniilil,  Ikiw.-vit,  !»■  avnil. .,. 
fin-  llicy  iinneri-isiirily  i-\|nisi-  tin-  liydrnfrrjiphiT  tii  ibinger.  CoriTi-il 
l)rid_ii('s,  luilost-  pnividcd  witli  luinicfous  windows,  are  not  dt-sinilil''. 
fVir  tlu'v  liiiLiI  llic  iiiifnUion-s.  liridjji-s  IliiU  are  to  bi-  use<l  as  ihtiii.i 
iieut  jraging  slatioUN  sliniild  be  marked  onoe  for  all,  either  on  ll"' 
^rujii'd  timbi-r  or  in  soiue  other  cinisiiiciKius  place,  with  stent'ili'i! 
litrures.  siiy  a  or  in  I'eet    iipiirl,   iiidicatitifi   sections   and    points  f"i 


CABLE  STATIONS. 

Frequently  ii  is  iiii|ii>ssililf  lo  csmliliwli  a  permanent  gaging  stnii'^i 
at  a  bridce.  In  rhut  i-as.'  lln'  wire  I'alile  of  a  ferry  cjiu  be  utiliwl. 
or.  if  that  is  not  aviiiliible,  a  permanent  wire  calde  can  be  swim;: 
itci'oss  the  I'iver.  For  spans  of  average  length  a  galvanized  wir^ 
rabli-  tlircc-fdiirihsuf  an  iui'li  in  dianifter  is  safe.  It  should  In-  siiji- 
jiorti'd  on  f;ich  li.mt;  l)y  uieiiiis  (if  higli  sinitstir  by  passing  it  Itireiiu'li 
llnMTotcli  of  it  lci....  'I'll.,  riibli'  slioulii  In-  run  into  tlu'  gnuiiid  jiii'! 
aiii-hnveii  sccurt'ly  to  iv '"  dmnV  winii"  \iv\vwv\  ftX  Vewst  -i  feet  below  the 
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irf  ace.  In  the  portion  of  the  cable  between  the  strut  and  the  **<iead 
an  "  a  turn-buckle  should  be  inserted  so  as  to  permit  tightening  thct 
O  le  when  it  begins  to  sag. 

A  few  feet  above  the  cable  a  wire,  provided  with  tags  5  or  10  feet 
part,  should  be  stretched  across  the  stream  to  serve  th<»  same  pur- 
ose  as  the  stenciled  distances  on  the  bridge  already  referred  to. 
*or  this  purpose  the  ordinary  twisted  barbed  fence  wire  has  been 
ound  very  useful,  as  the  tags  can  be  fastened  firmly  so  that  they  will 
ot  slip  from  side  to  side,  and  barbed  wire  is  less  likely  to  be  stolen 
han  the  ordinary  smooth  wire.     The  best  tags  are  made  of  metal  3  to 

inches  wide,  deeply  notched  so  as  to  indicate  at  a  glance  the  distan<:(' 
roin  the  initial  point.     (See  Pis.  VII,  5,  and  VIII.) 

A  box  large  enough  to  hold  two  men  should  be  constructed  and 
usi>ended  from  the  cable,  b}^  means  of  east-iron  pulley  wheels,  in 
iieh  a  manner  that  it  can  be  run  freely  in  either  direction.  (See  Pis.  I, 
X,  and  X,  A.)  An  iron  or  wooden  bar  lying  horizontal  and  parallel 
'ith  the  cable  should  connect  these  pulleys  so  as  to  hold  them  apart. 
Tie  cable  should  be  high  enough  above  the  river  so  that  there  will  ])e 
o  danger  of  the  box  striking  the  water  during  floods. 

ROD  GAGES. 

^ell-seasoneil  timber  should  be  selected  for  the  construction  of  rod 
H,^s,  the  usual  size  being  o-inch  by  1-inch  or  6-inch  by  1-inch  boards, 
'ith  at  least  one  face  planed.  The  rods  should  he  gi-aduated  to  feet 
^d  tenths,  the  graduations  being  painted  in  black  on  white  ground, 
•'le  even-foot  marks  l>eing  cons[)icuously  indicated  by  painted  or  brass 
Jgures.  The  datum  used  is  immaterial,  provide<l  the  zero  of  the  rod 
*  covered  by  water  at  even  tlie  lowest  stages,  so  as  to  obviate  the 
«se  of  minus  readings.  Care  should  be  taken  to  set  the  rod  Aerti- 
^Uy.  In  case  the  gage  is  at  a  bridge  station  it  will  generally  be 
Ound  possible  to  spike  it  securely  to  an  abutment  or  pier,  where*  it 
^in  Cfisily  be  read  from  the  shore  and  not  be  carried  away  by  ice  or 
Loating  debris.  At  cable  stations  the  rod  should  be  spiked  to  a  tree 
tanding  in  the  water,  or,  if  a  tree  is  not  available,  it  can  be  bolted  to 
h  ledge  in  the  stream. 

Frequently  it  will  be  found  best  to  incline  the  rod,  if  it  can  not 
)e  secured  in  a  vertical  position  without  danger  of  being  swept  away. 
^n  inclined  gage  should  be  held  in  place  by  long  stakes  driven  into 
he  ground,  and  no  graduations  should  be  marked  on  it  until  it  has 
>een  properly  fastened.  The  8loi)e  of  the  rod  should  then  be  aec  u- 
ately  determined  by  the  aid  of  a  surveyor's  level,  and  the  length  of 
he  graduations  be  computed  on  the  basis  that  one  division  on  the 
od  corresponding  to  1  foot  vertical  is  equal  to  the  cosecant  of  the 
,ngle  of  inclination  of  the  rod,  in  feet.  It  may  be  found  more  con- 
enient  to  secure  the  gage  rod  in  position  and  then  graduate  it  by  the 
Lse  of  an  engineer's  level.     To  put  the  graduations  on  an  inclined 
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Kl^^^^  particularly  on  that  portion  extiemliiig  xinder  watpr,  niptal  strips 
will  Iw  fmmA  niost  oonvpnieiit.     Tliey  can  be  nailed  oh  witlioat  d 
, cully.  Hiid  ara  luore  pei'iuaueut  than  paint. 

I  WIRE  GAGES. 

Wire  gRges  will  be  found  neefnl,  espeeidUy  on  high  bridges  when- 
it  is  difficult  to  read  with  aoeumcy  the  water  les-el  on  h  vertio*!  hk! 
gAge  or  whore  the  abntinents  or  banks  are  not  favorable  for  the  erw- 
tion  of  anj'  ot)it<r  fortn  of  gago.  A  roil  gage  gnuluKt«il  to  feetMd 
tenths  in  tht>  ntanner  already  deseribeil  enn  bt<  iitilizt'<l  for  Out  pl» 
pose,  Iteiiig  nailed  in  a  horizontAl  ponition  along  the  bridge  rul  or 
guai-d  timbef.  The  fluelutttions  of  the  Water  level  am  ncAM  on  thin 
gage  Iij"  lowering  a  weight  attached  to  n  wire  or  chain  provided  with 
a  pointer  or  marker  which  is  made  to  mil  along  the  graduatiooHuf 
the  rod.  The  position  of  the  pointer  is  read  on  the  rod  when  the 
bottjjin  (if  the  weight  just,  tonohes  the  surface  of  the  water.  The 
movement  of  the  weight  and  wire  is  faellilated  by  means  of  a  «iu»il 
caM-iron  pulley  fastened  to  the  side  of  the  bridge.  Wire  giigi«  can 
abu)  be  uswl  in  other  places,  as  illustrated  in  PI.  X,  B. 

Experience  has  shown  the  necessity  of  fi-equenlly  testing  the  wire 
gages  and  correcting  them  to  the  original  length.  Great  confusion  is 
intnMluced  in  compulations  unless  the  gages  are  kept  within  a  teiilL 
of  !t  foot  or  less  of  the  correct  longtli.  When  installed  the  gaf?e 
should  be  so  arranged  and  permanent  marks  be  so  made  that  tht 
lengtli  of  the  gage  can  i-eadiiy  be  tested.  The  description  of  the 
(,i.«i,...|  ,i-,.,|  i,.;i'H'onipli>li  iliis  n-nil  shoiil.l  1"'  writr^Mi  pl:iitil.v. -■> 
tli;ii  \\  will  i'f  iinderstoi"!  by  .-ill  cnncLTnod,  ami  sent  to  tJic  Siirvrv, 
wlicrr  <'oi>ie>  can  aftiTuards  Iil-  obtained. 

Till-  wice  gages  should  be  ti'Sleil  under  as  noarly  as  possible  111'- 
same  coTHlitions  as  those  under  wiiicli  the  height  of  the  water  is 
ii]c>a-uri-d,  iliat  is,  willi  the  weight  liaiiging  vertically.  A  substantial 
UKii  k  nr  fiiip  -.liiinld  be  so  placed  llial  the  upper  or  lower  end  of  the 
wrighl  will  !>*.■  bniiiglit  against  it,  .-iikI  a  mo<lcr.'\te  pull  given  to  the 
w  ire  will  I'einiivi'  all  kinks  or  bends.  The  best  weights  for  these  gages 
iiv  the  onlinary  noes  used  for  win<low  sashes,  weighing  from  7  to  10 
piHunls  (■a<'h.  The  weight  should  lie  attaelied  to  a  flexible  wire  or 
chain.  Th<'  iiiosi  satisfactory  is  pi-obably  one  ()f  the  c<ini position  or 
bj-ass  I'haiiis  usc.l  for  heavy  windows,  as  that  stretches  les.s  than  a 
twisted  wire.  Oh.jei-t ion  to  the  chains,  however,  is  found  in  the  fact 
tliat  in  f.vjinsi'd  ]n)si1iiins  they  are  more  likely  to  be  stolen  than  is  the 
wif.'.     !•    is  pre  feral  )le  to  bo.\  in  the  chain  or  wire  by  long  narrow 

.snips  pla 1  liorizonlally  on  the  bridge.     One  of  these  strips  can  W 

ariau;;e.i  as  a  --ever,  so  tliat  aee<-ss  to  llie  wire  can  be  had.  This 
civei-  ran  he  hinge,]  and  hel.l  in  piaee  by  a  padloek.  With  such  aii 
anangeniciil  the  eliain  is  usnallv  not  .lislnrlieti. 


! 
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Great  care  should  be  given  to  joining  the  cord  or  chain  and  the 
jight  to  the  handle  at  the  other  end  so  that  there,  can  be  no  sli^v 
n^.  The  wire  conl  should  be  placed  through  tlie  eye  of  the  weight, 
nt  back,  and  carefully  wound  and  tied.  In  the  same  way  the 
indle,  if  used  as  the  index,  should  \ye  fastened  firmly.  It  is  prefer- 
>le,  however,  to  place  the  index  l)eyond  the  handle,  and  in  such  a 
ly  that,  although  perfectly  firm,  it  can,  if  the  wire  stretches,  be 
oved  for  the  purpose  of  adjusting.  Any  a<ljustment  that  is  made 
im]i\  be  reported  at  once,  so  that  the  records  can  be  corrected. 

BENCH  MARKS. 

AVTierever  it  is  intended  that  i)ermanent  records  shall  be  kept  it 
of  the  greatest  importance  that  the  relation  between  tlie  datum 
the  gi^ge  and  one  or  more  fixed  points  be  determined.  Such  refer- 
ee marks,  generally  known  as  bench  marks  and  indicated  by  the 
mbol  B.M.,  may  consist  of  a  United  States  Geological  Survey  stand- 

I  bronze  or  aluminum  tablet,  or  a  copper  plug  s<»t  in  a  drill  hole  in 
•ock;  or,  in  case  neither  of  these  can  lx>  had,  a  cross  cut  in  a  ledge, 
the  head  of  a  wire  nail  driven  into  the  root  or  stem  of  a  tree,  will 
•ve  the  purpose.  In  every  instance  it  is  desirable  to  have  more 
!in  one  reference  mark,  in  order  to  insure  against  removal  or  acci- 
nt.  A  surveyor's  level  and  leveling  rod  should  be  used  in  deter- 
uing  the  difference  in  elevation  between  some  stated  foot  mark  on 
?  rod  and  the  bench  marks.  In  the  case  of  wire  gages,  aside  from  the 
Bcantions  just  mentioned  the  difference  of  elevation  between  the 
,ter  surface  and  the  bench  mark  should  be  obtained  by  leveling  and 
?  gage  reading  for  that  particular  stage  be  noted,  from  which  data 
permanent  relation  can  be  deduced,  and  a  gage,  if  found  disturbed, 

II  at  any  time  be  verified  and  reestablished  in  its  former  position. 
Full  descriptions  of  bench  marks  should  be  made  and  forwarded  to 
3   Survey,  where  they  will   be  kept  on   file  for  future  reference, 
'drographers  are  required  to  test,  with  the  aid  of  a  level,  the  cor- 
»tuoss  of  each  gage  at  least  once  a  year;  oftener  if  necessary-. 

STAY   LINES   AND    TROLLEY    EQUIPMENT. 

When  the  velocity  of  tlie  water  is  considerable — as,  for  example, 
)re  than  5  or  6  feet  a  Second — the  sounding  line  and  meter  are  likely 
bo  swept  backward  down  the  stream,  so  that  it  is  often  necessary 
provide  an  additional  stay  line.  This  consists  of  a  cable  or  smooth 
re  stretchcil  across  the  stream  from  50  to  100  feet  above  the  bridge 
cable  from  which  measurements  are  made.  A  small  twisted  wire 
)thesliue  or  sash  cord  can  be  used  for  the  jiurpose.  It  should  be 
chored  at  both  ends  and  supported  in  a  manner  similar  to  the 
lin  cable.  On  this  smooth  wire  a  small  pulley  is  placed,  which 
ivels  freely  from  side  to  side  of  the  river,  and  from  the  pulley  a 
all  flexible  conl  leads  diagonally  downstream.    This  can  lie  attached 
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[to  ttie  end  of  tho  Houndini^  ruil,  Uiur  holiling  it  in  plat^e;  ora  Hue 
!^ao  be  similarly  fastonml  ncni-  tliu  liead  of  the  aietar,  so  that  w 
[Hie  iuslrument  is  lowered  it  will   Iw  prevented  from  being  c«rriei 
lfe»ckwan:l  or  tilted  by  tho  force  of  the  current.     Usually  tho  guy ' 
(Hdjnsts  itself  aa  the  hydrographer  movea  from  out-  side  of  the  -^ 
\pO  the  other. 

A  method  of  inaiilpnlAtiug  this  intay  line  from  u  brii.lg«>  is  '^h<>ws 


the  I'LVet-  ahitvi-  tlif  briilg.>,  ;ui<l  ;t  inilK-y  or  ilimblo  inillcy  (.t. 
pl;i.'<-d  1.11  il.  Th.-  sl;iy  lino  (r)  runs  from  llu'  hridw  in'iliv 
t.rull,.y  (h)  ;.<!<!  Uu-k  {--)  1<.  Ihc  ni..|er(0.  As  iIk-  i.istnuiL,-iil  U  ri 
alonirlh.^hrid;,^.-  ihi-  Irollry  i.ii  ill.,  .-iilil,.  f.,ll,)«8  rhc  m.nvnfiji. 
m,-t.T  is  niis.-.l  ;inil  li.wcn-ii  ],y  th.-  ■■nnl  J.  W'JH-n  ih..  nu- 
iiiiiiu'i:sril  hi  the  swifl  wnlov  \V  is  rtwi,'\>t  <lii\viisireiiiti  and  lli."  vv 


^ 
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Stretched  to  the  position  a',  e',  d',  bat  by  a  slight  Adjastment  the  meter 
can  be  drawn  to  the  desired  spot.  Another  device  is  shown  in  flg.  3. 
A  further  use  of  stay  lines  has  been  sncceiwfnlly  trieii  ami  adopted 
oix  a  few  streams  where  the  conditions  were  favorable.  It  is  known  as 
the  cable  and  traveler  method,  and  is  described  in  the  Eleven!  h  Annual 
Report,  Part  II,  pajre  I'i.  liy  means  of  a  suitable  numl>er  of  wiivHjind 
cords  it  has  been  found  piissibh'  to  hold  the  meter  at  different  places 


in  the  stream  while  the  hydrographcr  n-nmins  on  the  wlioi-e.  The  meter 
is  run  onton  the  main  cable  by  means  of  halyanls,  and  is  lowered  and 
raised  by  a  double  ineandescent-Ught  cord,  or  insulated  wire,  which 
serves  the  purpose  of  eonveyinp  the  electric  current  from  the  battery 
and  instrument  on  shore  to  the  meter  and  of  aetinsf  as  a  suspending 
and  souitdinf;  conl.  The  stay  line  just  mentioned  is  fastened  to  a 
pulley  which  travels  ivci-oss  the  river  on  a  second  smaller  cable  placed 
above  the  main  cable.     The  lower  end  of  tVvw6\»,^'\Y[ua\v(i\SA'CbR>'(&!bVe« 
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Hid  j)revpnts  it  from  l>eiiig  swept  downstrt'Hm.     By  nmiiipnl»tmp  ihp 

TftHuiiH  i-opuft  th»  meter  van  l»  lield  in  auj-  ixtstliou 

ioii,  till'  icvolulioiifl  beiiift  rei>orteil  by  an  electric  sotiitder  oearDu' 

ilwerviT. 

Ill  1  lit"  SHinv  mauijer  soimdin^  c«n  l»e  mwle  quickly  anil  accoratek, 
■lie  rod  being  held  in  a  vertical  position  by  the  stay  line,  and  iIm 
leptU,  if  iieoessary,  bein^  read  from  the  amount  of  morenient  oF  llie 
Kirds  on  Rhore,  tlie  soiioding  nnd  insulated  circuit  cord  being  griidu- 
ited  to  corpespond  witli  tiie  tnarkii  on  the  soundiag  ixkI, 

Willi  careful  trainint;  aud  experienoe  one  man  can  do  all  of  the 
vork  of  gaging  more  easily,  it  is  pi-olmble,  by  this  method  than  by  anv 
ither.  As  ntntlons  an?  at  present  located,  however,  \n  tnost  of  ihf 
MAlnn  it  is  ue<!essary  for  the  liydrogmpher  tn  Imve  an  assiiitaiit,  nnd 
»veii  at  HtatiouN  whioh  cau  easily  W.  n-aelied  by  rail  It  Is  fouDil  i>t<i> 
iDinical  to  employ  the  rBKlilent  gage  obwrver,  for  the  f»w  liniits 
ioasunied  la  making  llie  meA»iircineiiI^.  as  liWper  or  recorder  of  ROtn>- 
I  At  time  of  high  water  it  may  bt'  iliflicult  to  count  tlie  revolution' 
rf  the  meter,  owing  to  the  velocity  of  tho  ourrent.  It  nmy  even  l"- 
mpoHsible  to  keep  the  meter  in  the  water,  the  tendency  of  the  cur- 
*ent  being  to  throw  it  downstream  and  toward  the  surface.  It  isnomo 
iimes  possible,  however,  to  obtain  a  count  of  tlie  revoUitioiis  of  Iht' 
Meter  by  means  of  an  electric  counter  when  the  speetl  Is  neveral  time* 
^att'i  than  can  Ih;  counte*]  by  the  hydrogi-aiihei-  fmm  olK*ervHti<iii, 
OBSERVERS. 
The  work  of  reading  gagcM  reqiiii'es  no  special  educational  attHin- 
nicms,  ihc  iLiiiiii  n'<|iiisitc  liinn'r  lititli  fulness  and  rcgiihirity  in  tin-  i|i- 
<-liiiigi'  •>{  ilir  duties iissigm-d.  It  i.s  ;;oTUTally  iidvanijigcous  to  riiipli'V 
liiT>oiLs  win.  fi'oui  long  n-slden.'.'  in  the  liK-iility  iire  fatniliiir  with  lln- 
riv.TiiUfl  evidence  Jill  iutcn-sl  in  tlu-uuilUT.  Tlit- liy.irogfapliersbiMil.l 
s;ilisiy  himself  thill  llie  ohj^crver  fully  understands  his  .hil  ies.  ami  Ik- 

calling  attention  particuiarly  to  the  fact  that  the  gradiiatiinis  :iiv  fi-i-t 
siilxlivided  into  l.-nthsnnd  n.ii  into  inches.  Instruetiuns  should  U' 
Icfl  with  the  obsi'fV.T.  telling  him  how  to  proee<-d  in  ease  of  aceiden: 
to  the  gage,  and  to  telegrjiph  the  fact  to  the  hydi-ographcr  in  char^'i' 
of  the  stalion.  A  liook  (form  :(-17.'.)  is  furui'shcd  the  oltserver  in 
whieh  to  n-eoi-d  .'aeii  day  tile  stage  of  the  river  and  the  time  of  tlio 
observation.  At  tin- end  of  ea.-li  wi-ek  he  is  n-qtiiivd  to  (ill  in  a  mail- 
ing raid  tf..i-tn  ;'-17ii)  eoiitaiuirig  the  i ird  for  tlu-  week,  and  .send  it 

111  !lK-  liydr.)giaph(-r  in  eliari,'e  of  the  station. 

'The  blanks  prnvideii  for  the  use  of  the  observer  have  space  for 
rcin.ij-ks.  This  sjiac-e  is  inteinii-ti,  as  is  miled  at  the  bottom  of  tin- 
blank,  for  llie  irisfrlii.n  nf  faets  eoncerning  rain,  snow,  change  of 
wi-alliei,  an<l  oilier  i-oiuUl  icuis  likely  l<i  alfei-t  theheighl  of  the  .sti-eaiii- 
It  is  e.vpeeted  llial  during'  Moods  notes  will  be  made  of  the  rate  at 
wliich  llii-  ivaler  rises,  of  l\ie  e\\i>'mv  \\s'Vv;M  reiu-hed,  and  of  the  hinir 
Jll  »-hirh    lire    m.-ixiliiuin   s\age  oeews.      '.iV-sv-vv «_■>;>  v\^,;  \\'ciAn  V^  v,w- 
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Icssly  omit  memorandams  of  this  character,  and  their  attention  should 
iDe  called  to  the  matter  from  time  to  time,  for  it  is  essential  that  those 
Kuinor  details  be  noted,  in  order  that  the  changes  in  the  height  of  tlie 
s&tream  may  be  intei-preted  correctly. 

In  case  of  a  sudden  rise  of  the  stream  frequent  readings  should  be 
xaimle,  and  at  the  time  the  observer  is  hired  he  should  bo  instructed  when 
«^nd  how  often  to  make  extra  readings;  otherwise  in  "flashy"  streams 
«i  flood  may  pass  between  two  observations  without  Inking  noted. 
"When  practicable  the  resident  hydrographor  should  arrange  tor  the 
observer  to  telegraph  him  when  an  unusually  high  stAge  seems  immi- 
xient,  so  that  high-water  measurements  can  be  made. 

The  remuneration  paid  to  observers  varies  from  ^2  to  *?5  a  month, 
4Bc'C()rding  to  the  distance  they  live  from  the  place  of  observation  antl 
"the  extent  of  their  duties. 

The  principal  work  of  the  hydrographor  is  the  measurement  of  the 
streams  at  the  stations  in  the  district  assigned  to  him,  but  his  sup<^r- 
Tision  of  the  stations  should  be  such  that  he  will  know  that  the  local 
observers  are  careful  and  accurate  in  tlieir  readings  And  reports.  At 
the  time  a  station  is  established  the  reasons  controlling  the  selec- 
tion of  that  particular  locality  should  be  carefully  recorded,  and  after 
the  work  is  begun  vigilance  should  be  exercised  to  see  that  the 
recoiils  of  the  gage  heights  and  the  discharge  measurements  made 
can  by  proper  intiCrpretation  be  converted  into  quantities  of  dis- 
charge. The  observer  should  be  required  to  fill  in  the  blanks  fully 
and  carefully,  for  these  original  records  are  preserved  in  the  files  of 
the  Survey.  Carelessness  in  forming  the  figures  or  in  omitting  the 
dates  or  other  details  should  be  promptly  checked,  and  reports  <»f 
that  character  should  be  copied  at  once  and  returned  to  the  observer 
with  the  request  that  the  details  lacking  be  supplied. 

One  of  the  greatest  difficulties  in  the  work  as  now  conducted  is  to 
obtain  accurate  an<l  reliable  reports  from  the  observers,  who  are  not 
at  all  times  alive  to  the  importance  of  accuracy.  For  this  reason  i  he 
readings  of  the  observers  should  be  verified  occasionally,  and  if  theie 
is  a  well-founded  suspicion  that  at  any  time  heights  are  reported 
which  are  not  actually  observed,  the  observer  should  1k»  reprimanded 
and  if  necessary  the  stati(m  be  discontinued.  It  is  better  to  discon- 
tinue a  station  than  to  have  records  that  are  open  to  suspicion. 
In  a  case  where  it  is  impracticable  for  tlie  observer  to  make  regular 
readings  the  fact  should  Ik)  noted  in  the  rei)()rt,  in  the '*llemarks" 
column,  and  he  should  have  impressed  upon  him  the  fact  that  it  is 
bett4»r  to  report  that  obsc^rvation  was  not  niad(»  than  to  attempt  to  till 
in  the  blank  by  guessing  at  the  gage  height.  The  observer  should 
also  l)e  carefully  instructeil  regarding  the  best  method  of  nmking  the 
rea^lings,  and  he  should  b(*  cautioned  agaiitst  i-eading  at  too  great  a 
distance  a  vertical  gage  on  a  pitM-  from  a  position  on  the  bri<lg(»  at 
which  estimates  can  not  be  made  nearer  than  two  or  three  tenths. 
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.  CABE  OF  INSTRUMENTS. 

Hydrographera  are  respoiiaible  for  the  care  of  current  meters  and 

«ther  iiiBtrmoeiits  of  the  public  property  intrusted  to  them,  and  dw 

required  t.^)  account  at  stated  times  for  all  audi  property  in  tlnir 

tkeepinj^.     Since  the  accuracy  of  Mtream  g^^tiigx  depends  largely  n]m 

(the  correct  working  of  the  curreut  meter,  great  care  mlioold  be  nvr- 

'olBed  in  handling  these  instruments  and  in  keepiug  them  projxTly 

[  adjusted.     Inaccurate  worlc  and  poor  results  can  lie  traced  directljto 

[-neglect  in  earing  for  inatrnmentu, 

[  The  following  description  and  suggestions  regarding  the  nse  and 
*■  care  of  the  small  Price  electric  current  raotrer  {see  PI.  XI)  are  iut«nded 
i&tr  the  guidance  of  hydrographers  in  the  field. 

ft  Section     A-A 
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Fiii.  J-  Cross  suctiou  ul  soibII  Prlge  sloctrlc  current  meter,  ahowlne  detkllK. 

Wlien  in  use  llie  meter  is  suspended  by  a  double  conductor  cable 
of  No.  14  or  No.  I(i  flexil)le  copper  wiiv,  heavily  insulated.  Wire  of 
ilijit  size  is  of  sufticient  streugtli  to  hold  the  meter  and  weight*, 
iiiid  it  obviates  the  necessity  of  additional  i-ope  for  suspending  thf 
I'qitipmi'ut.  'I'hc  cable  is  attaelied  to  tlie  meter  with  a  spring  snap 
liiiiikfd  inli)  Ihc  circular  end  of  the  trunnion  p,  fig.  ;J.  The  hea\7 
(■(»|)|i('r  wirf.>  ai'u  c<)nncctod  with  Ihe  meter  binding  posts  h  and  d,  fig. 
■!.  wilh  sniiillei'  iind  more  flexible  wires.  The  wire  connected  with 
fill'  liindinij:  jiost  '/  should  be  tliivjided  Ihrongh  the  metal  looi>s  on 
llh'  yi.ke  (>,  wiihiii  the  trnuiiion  rntme  and  at ;/.  It  is  desirable  thm 
Ili.-M'  wires  siimild  b,-  fl,-\il.lr  aiui  I.kisc  to  allow  the  meter  to  swiiiu- 
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Lead  weights  (a,  fig.  4)  are  attached  to  the  lower  end  of  the  trun- 
on  by  means  of  a  detachable  weight  stem  (6,  fig.  4),  to  hold  the 
eter  steady  in  moving  water — the  higher  the  velocity  of  the  stream 
e  greater  the  weight. 

The  weight  vane  {c,  ^g.  4)  should  be  attached  to  the  weights  at  all 
ines  when  the  meter  is  used  suspended  from  a  cable.  When  gaging 
Liall  or  shallow  streams  it  may  be  necessary  to  make  the  observa- 
3118  by  wading.  Under  such  circumstances  it  will  be  more  conven- 
Dt  to  dispense  with  the  lead  weights  and  attach  tlie  meter  to  a  light 
•d  or  pole.  If  desired  a  brass  standard  can  be  supplieil  for  attaching 
le  meter  to  the  pole. 

The  meter  is  supported  in  a  trunnion  or  hanger  (p,  fig.  3),  and  is 
ee  to  swing  in  a  vertical  plane.  One  revolution  of  the  wheel  or  cups 
indicated  by  a  buzz  of  the  electric  buzzer — the  observer  being 
squired  to  count  the  number  for  a  certain  interval  of  time,  prefer- 
oly  50  seconds,  as  the  computations  can  more  easily  be  made  from 
lat  number.  A  second  observation  of  the  same  length  of  time  should 
iiniediately  follow  the  fii'st  observation,  in  order  to  verify  the  count. 


Fio.  4.— Wei(?ht8  and  weight  vane  of  small  Price  electric  current  meter. 

The  vertical  axis  {n,  fig.  3)  bearing  the  cups  of  the  current  meter, 
nd  hereinafter  referred  to  as  the  cup  shaft,  terminates  at  the  lower 
nd  in  an  inverted  cone,  which  beai's  or  turns  on  the  cone-shaped 
oint  of  e,  fig.  3.  The  part  marked  Z,  fig.  3,  will  be  referred  to  as  the 
oint  bearing.  This  is  the  most  delicate  part  of  the  meter,  and  should 
e  given  the  greatest  care,  as  it  is  made  of  highly  tempered  steel  and 
J  liable  to  be  fractured  or  broken.  To  protect  this  sharp  point  bear- 
ig  during  shipping  or  carrying  the  meter,  a  milled  sleeve  (fc,  fig.  3) 
J  provided.  This  sleeve  is  threaded  on  the  inside,  and  screws  up  or 
own  on  the  screw  thread  on  the  extension  of  the  lower  end  of  the 
up  shaft  shown  in  ^g,  3.  When  the  meter  is  not  actually  in  use,  and 
efoie  ])uttiiig  it  into  the  wooden  case  after  using,  see  that  the  milled 
leeve  k  is  sci'ewed  down  until  it  bears  on  the  top  of  q  and  raises 
w  cups  and  cup  shaft  off  of  the  point  bearing,  thus  protecting  it 
coin  possible  injuiy.  It  is  not  necessary  to  screw  this  sleeve  down 
cry  tight,  and  if  it  is  screwed  down  tight  the  shoulder  of  the  journal 
n  the  upi)er  end  of  the  cup  shaft  will  be  thrust  hard  against  the  end 
f  its  bearing  and  perhaps  be  injured. 
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fcacti  ciii-nMit  molor  wbcii  i-caeivtKl  from  ibo  factory,  and  !tiil> 
quetitly  wIk^ii  ruiHiiixtl,  it>  mteil  by  ruimiug  it  through  still  wat^r,  tint  j 
aBBumptiun  Iwiiig  ihHt  thu  ttAiue  rehtlion  will  hold  Itetvreen  the  Uvnui 
of  the  inalnimi-iit  when  nimiiiig  thi-ough  Mitl  water  oa  when  hi'lil  in' 
one  pusition  in  flowing  wiitor.  TliJ!«  niUtlfm  is  ubtHlnetl  by  fAsi«inii? 
ttifi  m«tev  in  n  {xwilioii  euitipitmbh- to  tlint  l>t  which  It  will  Im'Ik-II 
when  in  «se  in  the  str«<4im.  Ttinl  in  to  wvy.  if  Ihi'  uhjMt  is  Ui  Iw  u.>*-t 
fastcupd  rigidly  lo  a  rod,  il  in  mtitl  in  ihjit  ninnnvr;  !f,  un  tbi'  hIIi'I' 
lifuul,  it  Is  to  be  used  on  the  end  of  H  floxiblveord  ihu  rntingisHt-i-on'- 
pliKlied  undfi-  iiutfc  uomlitiinis. 

Twy  dovlt-es  for  rntin^  nietera  Hre  shown  in  I'l.  XII.  The  upixt 
illuHt ration  Is  of  tlie  equipment  used  by  the  (Purvey  at  its  nitiii? 
BtHtion  Ht  I'hevy  Chns«,  D  ttiibiirb  of  WaHhlngtoii,  !>.  C,  th«^  lower 
picture  i»  of  thts  ditvloc  employed  m  Iaw  Angles,  C»l.  Tlt«  t^jpn- 
,ratUD  u»(>(i  at  Oh«\-j-  Chftso  t-onsisl*  of  a  platform,  a)K>iit  200  fwt  in 
length,  built  along  the  tMlgc  of  a  aniMll,  deep  pond  tlH>  wttH*i>  of  wWHi 
we  practically  wtjignant.  On  tho  outer  odgi*  of  this  platform  aro  miiall 
iron  rails,  on  whieh  it)  placixl  an  ordinary  ndno  car  or  Imcti, 
outrigger  so  that  the  meter  can  l>e  hold  verlically  ort-r  the  water  nai 
ImmvntHl  to  tho  desired  depth.  On  the  pUlfonn  a  mea»ur«l  eouiwi 
of  1(K>  f*L^l  In  laid  off,  and  the  ear  is  pusiied  by  hand,  care  Iwinjt 
Inkon  t«  paw*  over  every  10  or  20  feet  in  a  uniform  number  of  stvun^ls 
LjK)  that  thu  same  velocity  ean  ho  inalntaineil  from  »tart  to  lini^i-  1b 
^the  view  ampler  is  slinwn --iisin'ndcd  frotn  the  i'hi- .>ii  the  ri::htli.tn'l 
siiU-,  anil  anolhcr  nirh-r  i>  slmwii  in  \\w  biick-i-uiitnl  il^'^uiisI  ili,..l..ir 
of  til..  hou>c  in  wlijrli  {]„■  ,-.iy  aiid  >mjlll.T  l..nl>  :.iv  sUired. 

Til.'  -levi.'i.   iisrd  nl    I..IS  Aiiyi-l.-.s.  i»]..  ^-on^-isls  of  a  o.'uieul-lin.il 


by  ini'iiiis  111"  «hi<-h  ihe  iiieler  is  siippoi'ied  Im'(u-)iIIi  tlie  snrf;u-'>  >'' 
the  water.  The  meler  is  propelled  ihroujrh  llie  water  over  a  niiMv 
ure<l  eoorse,  usually  ind  iVel,  [\>v  ii'  or  more  lirues  in  succe».sioii.  ili'' 
speed  Viiryin;^  from  less  ilian  ii.">  iool  per  seeond  to  G  or  S  fwl  !■■; 
.seecind,  nr  even  more,  ihe  iLumlwi' of  revohilions  per  hundreti  fiv' 
and  llie  TiuinlK-rof  seeon.ls  Iwiofi  nule.l.  Tims  there  is  obtained  ili' 
reel  |)er  M-eund  and  lln-  r.-volotions  per  see.md  at  diffeivnt  sitf"l- 
When  ihesedala  are  ploilrd  upon  crnss-svel ion  paper  it  will  lie  ('wA 
lliat  for  hiirlnT  velueilies  tlie  p.iinls  lie  in  a  Tiearly  straijrht  line,  biii  U 
lower  vidoi-iiies  tliere  is  a  lendeney  I'or  llie  revolutions  per  siH-nii'i  ' 
deerease.  owiu.i,'  lo  the  sli,i,'li!  Irielr-ni  in  ihe  inslruuieiil.  Abrok-ii' 
sumew-lial  eurved  line  is  iherefore  slietelied  for  llie  l.nver  velo.-)i:>^ 
and  fi'oni  this  enrve  values  aiv  lalien  lo  make  Ihe  arbilrarv  laliii-:' 


i>  deWeuVe  v"'*\^^^  '■'•^  ^"^^^^  '^■■' 


e  metei 

l»er  seeonti  ami 

bo  fair 

y  eonstani  until 

(ly  inei 

■asesbytheweji 

■.vv\wj.-s 

METHODS   OF   RATING   METEBS.  85 

!n  using  current  motel's,  especially  those  suspended  from  a  cord  or 
e,  it  frequently  happens  that  in  swift  water  the  instrument  is  swept 
2kward  and  tipped  at  an  angle  fi-om  tlie  horizontal,  either  momen- 
Hy  or  for  a  considerable  pericxl  of  time.  In  order  to  obtain  datA 
icerning  the  reliability  of  results  under  such  conditions  a  series  of 
t«  was  made  at  the  Chevy  Chase  rating  station.  A  small  Price 
rrent  meter  was  used,  being  held  rigidly  at  various  angles  as  meas- 
?d  from  a  horizontal  line.  Tlie  results  are  given  in  the  Nineteenth 
inual  Report,  Part  IV,  page  27. 

At  an  angle  of  5  degrees,  with  a  velocity  below  4  feet  per  second, 
e  meter  api)arently  revolves  a  trifle  faster  than  when  it  is  horizon- 
l.  In  other  words,  at  moderate  speeds  and  at  low  inclination  the 
eter  may  indicate  a  slightly  higher  velocity  than  actually  exists. 
t»  high  sjiceds,  however,  and  at  a  high  inclination,  the  reverse  is  true, 

the  meter  turns  more  slowly  than  when  held  i)erfectly  parallel  to 
e  current.  When  depressed  beyond  25  degrees  the  resistance  to  the 
UTent  approaches  that  offered  by  the  tail,  and  the  meter  swings  about 

a  position  nearly  at  right  angles  to  the  current,  causing  the  head  to 
>proach  the  normal  or  zero  angle. 

XOTK8  AXD  COMPUTATIONS. 

The  ordinary  method  of  computing  discharge  from  the  observations 
indicated  by  a  small  fleld  notebook  (form  9-198)  ruled  for  the  pur- 
se. The  velocity  at  each  element  of  the  section  of  the  stream  is 
Pertained  by  observations  at  various  depths,  as  previously  described, 
e  area  of  each  element  or  fraction  of  the  section  is  obtained  by 
iltiplying  the  width  by  the  mean  depth.  The  discharge  is  the  prod- 
t  of  the  velocity  by  the  area,  and  the  discharge  of  the  whole  section 
the  sum  of  these  products.  This  has  lieen  found  to  be,  under  usual 
cumstances,  the  most  convenient  method  of  computation.  It  is 
iiirable  that  soundings  in  the  cross  sections  be  made  at  regular 
■ervals  and  at  the  same  points  in  the  stream.  In  this  way  changes 
the  river  bed  will  be  noted,  and  if  the  gage  is  broken  or  displaced 
a  soundings  will  often  furnish  data  for  an  approximate  computa- 
>n  of  the  mean  depth  for  resetting  the  gage. 

Referring  to  the  not<?book  (form  9-198),  at  the  top  of  the  page  are 
aces  for  recording  the  date,  the  nauie  of  the  hydrographer,  the 
imlKM-  of  the  meter,  the  locality,  the  height  of  the  water  at  the 
no  of  beginning  and  ending  the  measurements,  also  the  average 
ight,  and  whethei*  the  I'iver  was  rising,  falling,  or  stationary.  On 
c  opposite  page  is  space  for  inserting  the  results,  i.  e.,  the  total 
Pa,  the  mean  velocity,  and  the  total  discharge  in  cubic  feet  per 
-ond.  On  the  extreme  left  are  double  columns  for  recording  the 
iJiTlings,  the  first  column  being  for  the  distance  from  the  initial 
int  and  the  second  column  for  the  deptli  at  that  particular  place. 
Q  foUoMring  table  shows  the  method  oi  Y^cotding  and  computing 
Charge  measurements  in  the  notebooVC  itoTm^WSy. 


METHOD!^    OF   STBEAM   UEASt'REMEMT.         ^^^H 
Sitm/ile  page  front  notebook,  ahotring  mrflioii  of 
Q«flnsmad»  fJinurr  96:  1S98),  b;  (S.  0.  PxU  tad  0.  H.  Mstthe*),    HaUr 
>o.(&t).     Q«ge)i«igbt:  beBinning  fT.Sln.anding  (7.6)  ft.:  meufT.SBl 
ft,     Blver  riling,  hlling.  ilaliaiiar;. 
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recording  and  comptiting  discharge  measnreineniH, 

At  itation  (Frederick,  MdOi  on  (Monocaoy)  Biver.     Total  area  (808)  iq.  feet. 
Mean  velocity  (8.90  feet).     Discharge  (2,348)  lecond-feet. 


Section. 

AroR. 

Discliarjir*^ 

of 

section. 

Width. 

Mean 
depth. 



.a........       -             -        - 

15 

5.15 

77.3 

133.7 

10 

5.30 

.52.0 

122.2 

10 

5.JJ0 

53.0 

163.7 

10 

5.27 

53.7 

196.0 

10 

5.37 

53.7 



210.0 

10 

6.  TO 

...... .... 

57.0 

366.7 

15 

6.a5 

05.3 

166.6 

1 

1 

22 

2.81 

61.8 

263.8 

10 

4.W) 

49.0 

200.9 

10 

5.  i:J 

51.3 

197.0 

10 

4.s:.» 

48.2 

........ 

1.57. 1 

10 

4.27 

42.7 

128.1 

ll> 

4.(C} 

441.3 

J»7.5  ] 

Remarks. 


Edge  of  still  water. 


Edge  of  still  water. 
Edge  of  second  channel. 


Edge  of  still  water. 


At  all  river  aiatioiifi,  besides  the  bench  marks  for  thv  zero  of  the 
gttKt>  rod,  th«rc  should  he  chosen  an  initial  point  at  which  to  b^n  all 
HOiiiulings.  This  initial  point  may  bo  some  permanent  object  on  the 
bank,  t!i«  end  of  a  bridge,  or  the  edgt'  of  a  piei-.  A  bench  mark  should 
be  i»ermanent,  ciisily  identified,  and  in  such  positiua  th«l  it  will 
always  lie  a  sliort  distAnce  beyond  the  high-water  mark.  Starting 
troin  this  initial  point  tho  aoundings  are  usually  mndo  every  Ifi  vr'iO 
leet,  or,  in  the  c^se  of  verj'  amall  streams,  at  int«rval!i  of  5  feel. 
The  first  sotinding  should  bo  at  the  edge  of  the  water,  and  its  dis- 

nanee  from  the  initial  point  should  be  recorded  in  the  notebook,  the 
Bounding  l>eing  registered  as  zero.  The  Ia,«t  Hounding  should  Ite  at 
the  farl.her  «lge  of  the  water,  and  should  be  notod  as  so  many  feel 
from  the  initial  point  and  assero  in  depth.  If  int«rmediHt^  islands  ir 
bars  project  above  water  the  fafil  should  be  recorded  in  the  not^l>ook, 

Miso  the  distance  of  both  margins  from  the  initial  point.     This  gn-ally 

Hmplifies  the  comparison  of  subsi^nent  changes  of  depth. 

''  To  the  right  of  the  columns  for  soundings  are  spaces  for  the  obser- 
vations, including  depth  of  observation,  or  number  of  feet  and  tenllis 
Itelow  the  surface  of  the  water  at  which  the  meter  is  read,  and  tiic 
number  of  seconds,  usually  50  or  100,  during  which  the  revolutions 
of  the  met«r  are  not«d.  To  the  right  of  tliese  are  thr(»e  ootumn.-i  for 
use  in  ea.se  a  rwonilng  rcgistor  is  uned  with  the  mel^r.  Tlie  firnt  of 
these  13  for  the  register  reading  at  the  Ixiginuiag  of  the  observation, 
the  Beooad  ia  for  the  reading  at  the  end  of  th«  number  of  seooa^ 
(50,  ion,  or  mfin'l  durinir  which  t.hi>  rM-olnlinTis  are  countt^.  and  the 
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1  III 

\-  iiccidfiHHl  ir 

I'gularity  in  The  bcliin  inf  ■>( 

Tli.-ii»itil.fi-.pf  i-.^vnlLiiiiijirt  uf  tlu-  iiiK.Tasiv.'urdfil  in  ili,.  (■..hiiuri 
of  diiTcreiii'..Mlivi.li..l  h^  i),.-  iiuml.i-i- i.f  sfwmils  siv,.>  Uii>  n-vnlulimi^ 
per  .sri-oiiil  t..  l.r  in-rinl  in  ih,-  .■nliimii  h.-ailed  llm>.  When-  Iw- 
observHli.iiis  uf  .M  I  -.■.■i.iiiiN  I'/ii'h  liiivi-  been  innde  it  is  m-i-.-ssary  nieivl) 
to  add  ih''  ri'vuludous  and  ii.jinl  off  two  phieeN. 

'J'he  oljsiTVationM  for  velocity  ]ier  wcond  are  usually  taken  not  only 
at  intervals  acmsa  the  stream  but  also  at  the  top  and  near  the  bottom 
at  earli  luealiiy  aud  al  intermediate  points.  Whei-e  the  stri'rtin  is 
sliallow  it  has  been  found  that  IJie  avenige  of  the  observations  taken 
slightly  Ijelow  the  surface  aail  ab<ive  the  bottom  at  a  distance  where 
llw  mrU'V  ruus  freely,  vcpwwulav«v  tXo'ieV'j  VXvia  wi-jau  velocity  of  tlie 
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section.  In  deeper  streams  the  mean  veloeity  of  the  vertieal  section 
csau  be  obtained  by  observations  at  a  lar^e  number  of  points,  or  by 
Assuming  that  the  measurement  obtained  at  a  distance  beh)wthe  sur- 
face of  three- fifths  of  th(»  depth  is  the  mean  velocity,  as  more  fully 
L3escribei.l  on  padres  IS  and  10.  Taking,  therefore,  the  average  of  the 
velocitie**  in  the  vertical  pbme  as  obtained  in  either  way,  it  is 
assumed  to  represent  the  average  velocity  for  a  portion  of  the  river  on 
both  sides  of  the  i>lane,  whicii  is  taken  parallel  to  the  coui*8(^  of  the 
stream  and  as  extending  halfway  to  the  points  of  observation  on  each 
aide.  If  these  points  of  observation  are  10  feet  apart  the  width  of  the 
section  is  taken  as  10  feet  and  is  entered  in  the  proi)er  column. 

In  the  case  of  a  broad,  smooth  channel  the  jH(»an  depth  of  the  sec- 
bion  is  t^ken  as  the  dej)ili  of  wat(»r  at  the  pUu^e  where  the  meter  is 
run,  or  as  an  average  o])tained  by  adding  the  depth  of  water  on  each 
^de  halfway  to  the  next  point  of  observation,  adding  to  this  twice  the 
3epth  where  the  meter  is  run,  and  dividing  the  whole  b}-  four.  This 
mean  depth,  in  feet,  multiplied  by  the  width,  in  feet,  gives  the  area 
Df  the  section,  in  square  feet.  This  area  multiplied  by  the  velocity  per 
second,  an  given  in  tlu»  column  headed  thus,  gives  the  discharge,  in 
Qubic  feet  i)er  second,  or  second-feet,  to  be  inserted  in  the  column 
thus  designated.  The  sum  of  the  discharges  of  the  various  sections 
IB  the  total  discharge  of  the  river.  This  is  inserted  at  the  top  of  the 
page.  The  sum  of  the  individual  ai'eas  is  the  total  area,  in  square  feet, 
to  be  inserted  also  at  the  top  of  the  page.  The  mean  velocity  of  the 
irhole  sti-eam  is  the  discharge,  in  cubic  feet  |>er  second,  divided  by  the 
total  area  thus  obtaincMl,  but  it  is  not  the  avei'age  of  the  velocities 
per  second  as  measured  by  the  current  meter. 

In  the  sections  of  the  river  adjacent  to  the  shore  special  cai'e  must  l>e 
taken  in  the  computations,  as  the  current  is  often  so  sluggish  that  the 
meter  will  barely  revolvt*,  and  at  times  reverse  currents  ci*eei)  up 
along  the  bank.  Allowance  must  be  made  for  all  of  these  factors, 
Edso  for  still  or  dead  water.  In  computing  the  average  depth  of  the 
triangular  sections  at  each  end  the  depth  at  the  shore  is  tiiken  as 
Bero,  this  being  added  to  the  other  depths  and  the  total  divided  by 
Four,  as  in  the  case  just  descril)ed.  Where  the  current  is  running 
diagonally  to  the  channel  of  the  stream,  allowance  for  that  must  be 
made  in  the  width  of  each  section.  Tlie  notebook  is  provided  with 
space,  under  the  head  of  '*  Remarks,"  for  thc^se  details  and  for  com- 
ments upon  the  accuracy  of  the  measurement. 

In  making  the  computations  in  the  notebook  it  is  undesirable  to 
Barry  them  out  to  a  degree  of  r(*fin(»ment  not  warranted  by  the  original 
jbservations;  that  is  to  siiy,  if  the  meter  reading  is  only  to  whole 
minbers  it  is  a  waste  of  time  to  make  computations  to  more  than  one 
[N>int  of  decimals,  or,  in  fact,  to  employ  decimals  at  all  except  as  a 
Hifegiiard  against  erroi's  creeping  into  the  last  figure  of  the  results. 

The  hydrographer  should  occasionally  lopk  over  the  meaaur^mffio^ 
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gtarlp  (liiriDR  t,hB  year  and  del^rminH  whether  urnotn  sufficient  imm- 
1>er  hflve  been  made  for  the  coriBtniction  of  a  ralitig  curve  for  eaei 
ition.  If  eitlior  higii-water  op  low-waU'r  itiDaMiireDieiits  are  lack- 
ig  A  Hpecial  etTorl  nhoiild  be  made  to  rea<'h  the  Matjou  during  th>t 
ie«  of  tii»  dtreaiti,  »o  that  doiititfnl  imrtu  of  the  rating  eun'o  nan 
Rcciirftt*«ly  cons)r«et«tl.  One  of  the  chlttf  difficulties  enpwontewi 
working  iip  thti  field  not**  !»  th«t  a  nwmljer  nf  measurement^,  will 
made  at  lhi>  ordiniirj*  How  uf  tJie  stream  ninl  none  during  liigli- 
iter  and  low-water  nlagos. 
It  is  very  important  that  hydrographors  carefully  cheek  and  reiise 
Bll  records  before  they  are  sent  to  the  Survey;  but  if  niiHiakeflan 
^Oiiiid  after  the  i-ecords  have  l>een  sent  to  \Va«i)iingt4^>n  a  detjilled 
lescrlptioii  of  them  should  aT  once  l>e  prepared  and  forwarded,  so 
l^t  the  i-ecordB  oii  the  books  of  the  Survey  will  be  accurate  and 
BDmpletc.  Occasionallj'  aiinoyancf  is  caused  by  carelessness  in  tlibi 
lbHU«r,  and  after  eomputations  of  the  discharge  of  a  streaui  an 
'"Worked  up  at  the  Surrey  notification  is  rei-eived  of  en-ors  in  the  gaft 
>Ma<liiigs,  or  of  the  displaci'iuent  of  the  gage,  which  vitiates  the 
Records  on  fill'. 

REPORTS  OF  DISCHARGE   MEASUREMENTS. 

The  field  notebooks  (fonii  H-IOS)  i-eferred  to  are  to  liu  i>?taiued  lij" 

ttie  hydrogmplier  n»  long  as  required  and  ultimately  forwanUnl  W 

I  Survey  for  preservation  with  other  original  records.     In  order 

report  the  results  as  soon  as  jiossible,  however,  a  blank  (foiW 

iliiiii  i-oiicernintt  tlie  mnnUiT  imd  p;iy:.>  uf  llii-  nuu-brjuk  oii  whU'h  liii' 
■■udipiitations  an'  made.  Undi-r  the  hi?nil  "IX-scriplioii  <if  rivrr  sia- 
i  ions"  is  spaci?  for  ii  description  of  the  local  ion  of  the  stuiiiin.  thi-dnic 
■.ihen  originally  establislied,  tlie  iiainc  and  address  of  The  ubwrvrr 
iirid  his  pay,  occiipiilion,  .-ind  the  distimcr  which  be  is  retiuiii'il  h\ 
liav.'l  in  ord.T  to  make  n-iidinjis,  also  111.'  time  of  day  al  which  ilu' 
re;Miiti-s  iisnally  ;iiv  made.  A  line  iw  til.so  ndiied  on  which  tn  r>'r,.^-.\ 
llie  l;..'l  whelliej'  llii-  .iltserver  i>  relial-le  ami  i,-,  lakii.j;  a  ].rui.ei'  inlct- 
.■st  in  the  results  of  his  work,  ami  sjiaec  i>  provided  for  meinuran.ki 
eon<-ci'niii^'  the  eijnipmcnt  and  the  condilJon  uf  uny  Sui'vey  pr-o!>er:y 
at  111.' station.  Attention  is  also  <-alli'd  to  the  eondition  of  ihepii;.'. 
itnddi'seriptive«or.ls  arc  inserlcl  iin.rd.-r  thai  hystrikio-  out  tlie-,' 
not  appliealilc  llic  wonls  I'emainin-  will  indieati'  wheih.-i-  the  .i:ai:.'  i> 
in  Kood  oi'der.ir  ne.'ds  att.'jition.  Space  is  also  left  f..r  c.uniueat-  uii 
llif  lierich  niail;s.  wh.'tli.'r  the  initial  jioiiit  for  .soun.lin;.'  is  on  ilic 
n:;|jt  or  left  bank,  whether  the  channel  both  aI)ovc  and  below  th.' M;i- 
tioii  is  sti'ai;.'lil  or  .-urved,  the  water  swift  ov  slufr^'islu  also  fur  ih.' 
In-i^'ht  of  the  banks,  whether  hiirh  or  l.>w,  the  character  <.f  the  Ik-.I  •<( 
llirslivnm.  ari.l  simihir  details.  Any  changes  in  the  channel  .-lie«ii 
by  .so(iH(iiiii;,s  should  also  \>c  iu>\ev\. 
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Where  possible  two  or  moi^  gAg^s  are  established  at  each  station, 
bein^  connected  by  level  lines,  so  that  the  slope  of  the  water  surface 
can  be  read  at  various  elevations.  Assuming  a  value  of  n  for  Kutt^r's 
formula  of  discharge,  it  is  iwssible  to  estimate  the  discharge  by  com- 
putation based  upon  the  slope.  This  should  be  done  and  the  product 
l)e  compared  with  the  measured  result,  in  order  that  the  hydrographer 
may  obtain  data  regarding  the  application  of  such  formulae  and  the 
value  of  the  constant  (/?)  to  be  applied  in  each  cjise. 

The  results  of  the  meiusurement  itself  are  to  be  given  on  the  lower 
part  of  the  blank,  the  first  item  l)eing  the  height  of  water  and  its  con- 
dition, wlietlier  rising,  falling,  or  stationary,  the  inapplicable  words 
being  stricken  out  forthe  latter  purpose.  The  total  width  of  the  chan- 
nels and  their  number  should  also  be  given.  Space  is  provided  for  an 
abstract  of  the  field  notes,  giving,  for  impoilant  point's,  the  distance 
from  the  initial  point,  tlie  depth,  and  the  mean  velocity.  This  is  for 
the  purpose  of  sliowing  concMsely  tlie  character  of  the  stream.  It  is 
not  intended  to  insert  fully  all  of  the  observations,  but  simplj' selected 
ones  which  will  bring  out  essential  facts  most  clearly.  The  make  and 
num]>er  of  the  current  meter  used  should  also  be  given,  or  if  meas- 
urements are  made  by  means  of  floats  or  over  a  weir  the  fact  should 
be  stated.  The  velocity  and  direction  of  the  wind  should  also  be 
recorded,  as  they  have  considerable  influence  upon  the  behavior  of  the 
stream.  In  some  cases,  especially  in  extremely  hot  or  cold  climates, 
it  Is  al&io  desirable  to  have  the  temperature  of  the  water  and  the  air. 
A  line  is  also  provided  on  which  the  hydrographer  should  note  any 
possible  cause  of  error;  and,  finally,  space  is  provided  for  a  statement 
of  the  mean,  minimum,  and  maximum  velocities,  the  total  area  of  the 
section  in  square  feet,  and  the  total  discharge  in  second-feet.  On 
the  back  of  the  sheet  a  sketch  should  be  made  showing  the  position 
of  the  gage,  the  bridge,  or  cable  from  which  measurements  are  made, 
the  iKMich  marks,  the  initial  point  of  sounding,  etc.  Where  a  number 
of  measurements  are  made  in  succession  at  one  point,  it  is  of  course 
unnecessary  to  fill  in  all  of  the  details  eiK'li  time;  but  in  cases  where 
the  hydrograplKM*  visits  a  station  at  long  intervals,  and  after  changes 
due  to  floods  have  taken  place,  all  of  the  facts  should  be  carefullj' 
noted,  in  order  to  show  the  extent  of  the  changes  and  to  indicate  clearlj'^ 
that  certain  iletails  are  unchanged. 

In  reporting  measurements  of  discharge  it  is  not  desirable,  except 
in  cases  of  exceedingly  small  amounts  of  water,  to  give  the  results  to 
decimals  of  a  second-foot,  for  a  false  idea  miglit  be  given  regai'ding 
the  aceuraey  of  the  measurements.  A^^locities  should  be  given  in  feet 
and  hundredths  of  a  foot  per  second,  and,  for  uniformity,  the  height 
of  water  on  the  gage  in  feet  and  hundredths  of  a  foot.  In  state- 
Hients  of  this  kind  attention  should  be  paid  to  the  accuracy  of  the 
data.  The  field  work  should  be  conducted  with  the  greatest  care, 
but,  on  the  other  hand,  the  computations  made  in  the  ofice  &U.o\3A^ 
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^Ot  b»  i:arri>>il  niil  lo  a  ile^'et-  •'(   ivfinuiiR'Tit    iiit.-< insistent,  wiili  Ihe 
Ijrlgtnnl  wiirk. 

In  work  of  iIiIm  ohftrBuUT  aw.iinn-y  lias  ln-fii  aud  always  will  be* 
'ubjt'Ct  for  clelmte.  At  thf  outset  it  nliotitd  lie  rwognljied  tliatln 
[n*9M»iir<;inMnt  of  nowlii^  watar  t-tther  alxwo  or  under  ground  tli^ 
StBiun  ot  ordinary  ciigfiicwriiig  o)K>ratioii»  In  not.  urtHiiiHl>k\  l>e«ui 
die  quMiilit'ies  to  be  uioHsured  nro  not  flxe<l,  bnl  lliK^tutitii  1^  h  tiotttbll^ 
tttent  even  during  ttti*  procum  of  mt^ifwureinent.  Wt>  van  Hsct-rtalfl' 
ilie  width  of  a  rivor  by  fixing  arbitrarily  two  ]HJinl«  whi«li  shall  reprt- 
wut  the  sidDH,  but  hore  nil  assumption  comi^i  in  hh  to  what  hIlhU  b« 
jonaidcred  the  sidt-s,  and  usually  there  is  a  latitude  of  several  feet 
We  can  mefwnrp  the  deptli  if  we  assume  some  fixed  objeel  as  repre- 
wuliiif  the  botUtni.  But  for  the  top  surface,  eveu  when  artiflelallf 
^lUWl,  there  is  usually  a  pnlaatiou  ranging  from  30  to  50  twcundsor 
more  and  giving  a  vertieal  oscillation  tlirough  severHl  hundredths  of 
iB  inch,  no  that  judgmeut  must  Iw  exercised  iu  tlml  alMi.  When  vn 
;ome  to  the  voloiilty,  we  have  the  widest  possible  range,  not  only  in 
iifferent  iwfts  of  the  vmnH  section  but  at  the  same  point  during  suc- 
:i*Bsive  monieuts,  and  in  detorniiuing  thnt  also  judgment  must  lx> 
sxercised.  In  oUier  wonls,  at  every  stwp  of  the  uperatiou  of  nieas- 
uring  a  stream  certain  assumptions,  which  may  affect  the  toul  hy 
^m  2  to  6  jier  wnt,  must  l>e  made.  -J 

Engineers,  and  especially  office  men,  who  spend  most  of  theirliva^  ' 
compiling  and  digesting  figures,  are  likely  to  loae  sight  of  these  ^t^ 
mary  assumptions,  and  in  their  desire  for  aecuracy  of  computation  tff 


tir;il  applicalioii  of  Ih.-  ti<riiivs  of  flow  of  wati 
the  tiic-it  assnmplioii  is  llial  the  n-sulls  ohtnii 
pi-evjiil.  ir,  for  .■Miiiiiile.  the  iiiidsuiiniic 
stream  ilisdiarnc  of  inii  c-uliic  feet  per  seecK 
concerned  will  ([uoic  this  fi;;inv  iitid  use  it  iin 
if  they  stop  u.  think,  lli.-y  will  admit  thai  tht 
diselmry:e  an  eqiml  vohi'm.s  Iml  that  the  lo\ 
for  an  average  of  years  may  be  grealer  or  le> 
ment  indical.'s.  Yet  there  are  I  hose  win. 
and  lake,i,'real  satisl'aetioii  in  expressiiifr  lli 
enbi.'  feet  pei'  seeoriil,  when  they  should   km 


^ 
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FLOOD  ESTIMATES. 

At  the  higliest  AocmIs,  wlieii  it  is  iinpoHsible  to  iiso  a  eurreiit  iiioter, 
is  desirable  to  make  an  approximate  estimate*  of  the  flow.  This 
in  be  done  by  not iiig  th(»  si)eed  of  floating  driftwood  and  other  debris 
1  the  water  surface — by  phicing  a  certain  base  line  on  tliesliore  par- 
lel  to  the  current,  and  noting  tlie  time  that  it  takes  tlie  drift  to  pass 
rer  a  certain  distance.  It  will  generally  1h^  found  that  the  velocity 
:  the  <'enter  of  tin*  strc^am  is  greater  than  toward  the  e<lges,  and  it  is 
ell  to  make  estimates  of  the  surface  velocity  at  various  i)oints  across 
le  stream.  From  these  velocities  and  a  rough  estinuite  of  the  areas 
>iit rolled  by  the  various  velocities  an  approximate  estimate  of  dis- 
large  can  be  made.  Notes  should  accompany  such  estimations 
escribing  just  how  th(*y  were  obtained,  so  that  a  false  idea  of  the 
:?c»iii'aey  of  the  measurement  will  not  }ye  conveyed.  Records  of  this 
ind  are  often  of  the  greatest  value  to  engineers  and  investoi's,  in 
iS€^s  where  it  is  not  important  to  know  within  10  or  even  20  per  cent 
u*  maximum  discharge  of  a  sti*eam,  but  whei*e  it  is  important  to 
now  its  <lischarge  within  30  or  40  per  cent.  Many  cases  are  on  rec- 
vi\  >vhere,  without  any  data  upon  which  to  base  an  estimate,  assump- 
oils  of  the  maximum  discharge  of  stivams  have  been  made  whieli 
f t4.»rwai'ds  were  found  to  be  in  error  by  200  or  300  per  cent. 
If  it  is  impracticable  to  make  even  a  rough  estimate  of  the  flow  of 
Mtream  at  its  maximum  discharge,  the  hydrographer  should  at  least 
«»te  on  the  bank,  bridge  pier,  or  other  permanent  landmark  the 
i-oatest  height  to  which  the  water  rises.  It  is  also  desirable  to  note 
he  rapidity  with  which  it  rises  and  falls,  and  other  natural  phenomena. 

RATING  TABLES. 

The  immediate*  ob.j<'ct  of  meamirements  made  at  a  river  st-ation  is 
he  construction  of  a  rating  table,  or  series  of  tables,  which  shall 
how  the  relation  for  a  given  length  of  time  between  the  height  of 
vater  and  the  (luantity  flowing  in  the  stream.  In  order  to  prepare 
uch  a  table  it  is  of  cours<*  necessary  to  obtain  the  discharge  at  vari- 
ais  stages  of  the  stream,  covering  the  ordinary  range  of  fluctuation. 
This  is  a  comparatively  (»asy  task  if  the  channel  does  not  change. 
The  simplest  method  of  i)rocedure  in  constructing  a  rating  table  is  to 
)lot  upon  rectangularly  rule<l  paper  each  point  representing  the  gage 
leight  and  the  discharge  for  a  given  measurement,  the  vertical  distance 
rom  the  bottom  line  being  taken  to  i^epresent  the  height  of  water  at 
he  given  measurement  and  the  distance  from  left  to  right  the  quan- 
ity  of  discharge  in  cubic  feet  per  second.  For  convenience,  the 
neasurements  of  <lischarge  should  l>e  numbered  consecutively  from 
.,  the  earliest,  the  numlx'^rs  being  placed  opi)osite  the  points  upon  the 
■ectangularly  ruled  paper.  If  there  are  a  half  dozen  or  more  of  these 
)oints  well  distribute<l  a(*x?ording  to  height  of  water,  it  will  usually  b% 
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bond  that  they  lie  iipproximately  in  the  path  of  a  parabolic  cuire. 
IWb  curve  cau  Iw  8kBt<'hw]  through  or  near  the  points,  the  hydro^ 
fl^her,  Ironi  his  iiitimatv  knuwled^,  giving  greater  weight  l«  t«osM 
K^nt»  than  to  othertt.  TTjih  curve  sliows  tlie  rctHtion  of  gajre  height 
Odlftcharge  for  the  particular  times  antler  consideration.  'i"he  ratisg 
Iftble  is  the  tmutRrical  expression  for  the  cnrve  described.  The  next 
tep  Is  to  road  off  the  fignres  from  the  drawing.  Htarting  with  the 
DWWt  Vttliio  in  the  lower  left-hand  corner.  The  lowest  horizontnl 
Ine  repri'soiiling  a  tenth  of  a  foot  is  followed  from  left  to  right  until 
fc ilitentocts  the  curve,  and  the  value  represented  by  this  distance  is 
0t  opi>oeit#  the  tenth  of  foot  taken.  The  line  representing  the  next 
ligher  tenth  of  a  foot  is  then  followed  out,  and  its  length  from  thti 
nargin  at  the  left  to  the  curve  at  the  right  is  also  obtained,  and  so  on. 
etting  opi>osite  each  tenth  of  a  foot  the  corresponding  value  of  dis- 
barge.  When  the  table  has  lieen  prepared  in  this  way  it  will  be 
onnd  that  there  In  an  inureaRJug  value  for  the  'liAcharge.  and  tbat~ 
he  difference  between  the  values  Is  also  constantly  increasing.' 
)wing,  however,  tj>  the  «iimll  scale  upon  which  aneli  a  sketch  ne*^ 
asarily  is  inade,  the  figures  read  oBf  from  the  drawing  do  not  alwayi' 
iftve  this  constantly  increasing  value,  some  being  proportional!)'  KA^ 
Arge  and  others  too  small.  In  order,  therefore,  to  smooth  out  tw 
^rve,  it  is  convenient  to  set  off  l)etween  tlie  lines  of  tli>'  rating  tahis 
be  differences  in  tiuantity  of  discharge,  making  Ji  third  columii. 
Tpon  running  the  eye  down  this  column  several  points  are  qnicblr 
letecled  where  the  differences  are  not  regular.  Considering  these, 
it  "ill  he  scon  tli.-it  ii  sliglit  !tdjii.stni{'iit  of  the  differences  ami  Ihi" 
iul.liliuTi  or  sulilrju-lii.ii  of  a  snmll  amoniil  fi'oiii  the  figures  of  dis- 
cliai'f:.'  "ill  siii.iolli  uiLl  llicsc  irregularities.  This  lul.iustnieiil  sliould 
he  iiwidc.  jiiid  as  a  clicck  upon  the  accuracy  of  Ihc  work  llii-  rcsulliiiL' 
lifjiircs,  iiflcr  llic  raling  tal)ic  has  been  suioolhcd  oul.  should  U- 
pliillcil  upon  the  oiiginal  drawing  lo  determine,  liy  inspectitui,  thai 
Ihc  rating  table  as  linaily  adjusted  is  accoi-dant  with  tlicolL-ii'i'vatioas. 
This  met  hod  of  iri-apliic  construction  avoids  difficulties  i;iid  lialiiliiy 
lo  error  iu  tlic  use  of  the  higher  nialbematics.  and  its  accui'ucv  is  «ell 
uiihiiiihat  oftheorigiimlduta. 
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TABLES    FOR  COMPUTING   RESULTS   FOR  PUBLICATION. 

'I'he  unit  employed  iu  the  mcasiiri'iin-Tit  ol'  streams  is  the  culiic  fout 
J>er  .second.  Tliis  is  descril>ed  in  th.^  Klcveiith  Annual  Report.  Part 
II,  IiTi^ulioii,  pages  :;  to  o;  a\so  hi  v\vi^  V muvV'.'vuvV  \\\\\u«I  Kepui-t,  Part 
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II,  pages  100  and  101.  From  this  fundamental  unit  others  have  l)eeu 
derived,  and  the  I'esults  of  the  investigation  are  shown  in  tliese  for 
convenience  of  comparison.  The  tables  formerly  published  give  the 
maximum,  minimum,  and  mean  discharge,  in  second-feet,  for  each 
month.  They  also  usually  give  the  total  discharge  for  the  month,  in 
acre-feet,  and  the  run-off  in  two  terms,  viz,  the  depth  in  inches  aud 
th(*  rate  of  flow  in  second-feet  per  square  mile.  The  acre-foot  of 
water  is  a  quantity  equivalent  to  an  area  of  1  acre  covered  1  foot  in 
deptli,  or  4i5,/)f)0  cubic  feet. 

Table  for  converting  second-feet  into  acre-feet  per  day. 
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214.21 
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As  I  lie  months  an*  of  varyinj;:  lenjrth  it  is  necessary  to  use  three  or 
four  factors  to  convert  the  average  discharge  for  the  inontli  in  second- 
feet  into  tli(*  total  in  acre-feet.  One  second-foot  flowing  for  twenty- 
four  houi-s  is  e<iiiivalent  to  80,400  cubic  feet.  Since  there  are  43,500 
square  feet  in  an  acre  th(M*e  will  b(^  the  same  numlx^r  of  cul)ic  feet  in 
an  acnvfoot.  Dividing,  it  is  found  that  1  second-foot  for  twenty-four 
hours  very  nearh-  etpials  '1  aciv-feet,  or,  in  exact  figures,  1.983471  acre- 
feet.  This  multiplie<l  by  the  number  of  days  in  the  month  will  give 
the  totnl  monthly  discharge  in  acre-feet.  This  (juantity,  therefore, 
must  bo  miiltipli(Ml  l)y  28  for  the  month  of  February,  or  20  for  that 
month  in  leap  year,  and  by  30  or  31  for  the^)ther  months. 

For  the  month  of  February  when  it  hjis  28  days  the  factor  to  be 
used  is  55.537188.  For  convenience  in  computation  this  factor  multi- 
plied from  1  to  9  is  given  on  the  following  page*. 


HKlHODii   OK   HTBKAH    MJCAdUAESlENT. 
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For  the  months  containing  30  clays,  viz,  April,  June,  September, 
and  November,  the  factor  to.be  nsed  is  50.5041300.  Tliis  wlien  mul- 
tiplied by  tlie  unit  fijjures  is  as  follows: 

1 59.50413 

2  119.0O.S2G 

:i 178.51289 

4 ... 238.01053 

.") 297.52005 

0 357.02478 

: 410.52891 

s 470.03304 

9 535.53717 

For  the  months  (M)ntaining  31  days,  viz,  January,  March,  May, 
July,  Aujrust,  October,  and  December,  the  factor  to  be  used  is 
C1.4S7001O.    This  wlien  multiplied  by  the  unit  figures  is  as  follows: 

1 01.48700 

2 122.97520 

3 184.40280 

4. 245.9r;()40 

5 307.43800 

0 ..  308.92500 

7 430.41320 

S 491.90080 

9 558.38841 

TIk*  run-off  per  square  mile  is  obtained  by  simi^lj'  dividing  the 
nver-age  for  the  montli  by  the  total  number  of  square  miles  in  the 
ilrainage  basin,  which  is  usually  ascertained  by  planimeter  measure- 
ments from  the  Ix^st  map  available.  Being  a  rate  of  flow  it  is  inde- 
pendent of  time,  and  therefore  the  numl)er  of  days  in  each  month 
does  not  enter  into  the  ratio. 

The  d<?i)th  of  run-off  over  the  drainage  basin  is  usually  computed 
in  inches  for  convenience  of  comparison  with  the  depth  of  rainfall, 
which  is  almost  invariably  given  in  that  unit.  This  depth  can  most 
conveni(intly  be  computed  from  the  run-off  i)er  square  mile  by  com- 
putation based  upm  the  number  of  days  in  each  month  and  the 
relation  Ix^tween  tlu*  rate  of  flow  and  the  depth  in  inches  for  this  quan- 
tity AV(»re  it  held  during  the  given  number  of  days.  One  second-foot 
for  twenty-four  hours  is  equivalent  to  80,400  cubic  feet  in  one  day. 
In  oth(*r  words,  1  cubic  foot  per  second  run-off  from  1  sciuare  mile 
would,  if  h(4d  upon  this  area,  cover  it  to  a  d(»pth  represented  bj' 
ilividing  SO, 400  hy  the  numlx^r  of  square  feet  in  a  mile,  27,87S,4(K),  or 
5,2so  scjuared.  Completing  this  division,  it  is  found  that  1  second- 
foot  for  one  day  is  equivalent  to  a  body  of  water  covering  1  square 
mile  0.003099173  feet,  or  0.037100070  inch.  Multiplying  this  by  the 
number  of  days  in  a  month  gives  the  following  factors: 

28  days 1.011322128 

29  days 1.078512204 

80  days 1.115702280 

81  days VVftS^RK* 


• 


\ 


METHCJIJS   Of   MTRKAM    MK.\SURE»tENT. 
/or  wwJWf  M«(/  »ecoiul-feet  per  gquam  mite  inlo  il^th  in  inclien  per  inonUbS 


Sn-und-fBvt  jHiT 

ft'ilmr*. 

a  Oars. 

»Jd*»-- 

IS 

a.  aw 
awn 

nd>y< 

rnrtktt. 

£>nt 

U.S3> 

IS 
ti 

a.  331 

io:ua 

IS 
1 

9.7117 

!::::::::.::::::::: 

Tahte  for  converting  r 


Secopd-  I 

ttvt  per      an       ui 


HI'S  ore     dB;a.ldi 


^ 

in 

K 

f;^^;:- 

' 

-?* 

is 


:S  I i:s - 


N0TB8   AND   COMPUTATIONS. 


49 


Table  for  converting  run-off  in  aecond-fe^t  per  square  mile,  etc, — ContinnecL 


Second- 

Recond- 

r 

Seoond- 

Second-" 

1 

feet  per 

30 

'     31 

,  foot  per 

30 

31 

feetper 

30 

31 

feet  per 

30 

81 

S(]uare 

(lays. 

days. 

Hqaare 

days. 

days. 

square 

days. 

days. 

square 

days. 

days. 

mile. 

! 
Inch. 

mile. 

Inch. 

Inch. 

mile. 

1 

mile. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

2.37 

2.(H 

2.T6 

2.78. 

3.10 

3.21 

3.19 

8.66 

3.60 

3.60 

4.02 

4.16 

2.38 

2.6rt 

2.74 

2.79 

3.11 

3.22  i 

3.20 

8.67 

3.68 

.  3.61.: 

4.08 

4.16 

2.3JJ 

2.67 

2.76 

'  2.80 

:il3 

3.23  1 

;3.21 

3.68 

3.79 

3.62 

4.04 

4.17 

2.M\ 

2.68 

2.77 

2.81 

3.14 

3.24  ' 

1  3.22 

3.60 

3.71 

3.63 

4.(6 

4.18 

2.41 

2.«9 

2.7H 

2.82 

;{.  15 

3.25  , 

'  ;3.23 

i  3.60 

8.72 

i  8.64 

4.06 

4.20 

O   JO 

tm.  4w.   ...... 

2.70 

2.79 

2.83 

3.16 

3.26  i 

3.24 

3.61 

3.74 

1  3.66 

4.07 

4.21 

2.4.3 

2.71 

2.80 

2.84 

3.17 

J3.27  1 

3.25 

3.63 

3. 75 

3.66 

4.08 

4.»S 

2.44 

2.r2 

2.  Hi 

2.85  

3.18 

:3.29  : 

3.26 

3.64 

3.76 

3.67 

4.00 

4.28 

2.4o 

2.7:^ 

2.H2 

2.86  

:3. 19 

3.30 

3.27 

3.65 

3.77  , 

3.68 

4.11 

4.24 

2.4« 

2.74 

2.84 

2.87 

'.I'M 

3.31 

3.28 

8.66 

3.78 

1  3.60 

4.12 

4.25 

2.47 

2.7tt 

2.85 

2.88 

:3.21 

3.32 

3.29 

3.67 

3.79 

'  3.70 

4.13 

4.27 

2.4» 

2.77 

2.86 

2.89 

3.22 

3.33 

:3.J30 

3.68 

3.80 

8.71 

4.14 

4.28 

2.4« 

2.78 

2.87 

2.90 

3.24 

3.:34 

3.81 

3.60 

3.82 

3.72 

4.15 

4.20 

2.50. 

2.7J) 

2.88 

2.91 

3.26 

:3.35  ■ 

3.212 

3.70 

3.83 

8.73 

4.16 

4.80 

2.51 

2.«(» 

2.rt» 

9   l>> 

3.26 

:3.37  ' 

3.3:3 

3.71 

3.84 

a  74 

4.17 

4.31 

2.52 

2.81 

2.91 

2.9:3 

3.27 

3.38  1 

3.;w 

3. 713 

3.85 

3.76 

4.18 

4.32 

2,6:3 

2.82 

2.92 

2.M 

3.28 

3.3S» 

3.36 

;3.74 

3.86 

3.76 

4.20 

4.38 

2.83 

2.93 

2.95 

3.29 

3.40 

;3.36 

3.75 

:3.87 

3.77 

4.21 

4.36 

2.55 

2.86 

2.94 

2.Wi 

3.:3lJ 

3.41 

:3.37 

3.76 

3.89 

3.78 

4.22 

4.36 

2.5« 

2.8B 

2.95 

2.07 

;3.31 

3.42 

3.:38 

8.77 

3.90 

;3.79 

4.23 

4.37 

2.57 

2.87 

2.06 

2.98 

:3.32 

3.44 

3.39 

3.78 

:3.91 

.  3.80 

4.24 

4.88 

2.5« 

2.88 

2.97 

2.99 

3.34 

8.46 

:3.40 

3.7^) 

:3.92 

3.81. 

4.26 

4.30 

2.541 

2.89 

2.99 

8.00 

3.36 

3.46 

3.41. 

3.80 

3.93 

3.82 

4.26 

4.40 

2.rt) \ 

2.90 

3.00 

3.01 

3.36 

3.47 

3.42 

3.82 

3.94  ' 

3.83 

4.27 

4.42 

2.rtl  ' 

2.91 

3.01 

:J.02 

3.37 

3.48 

3.43 

:3.83 

3.95 

3.84 

4.28 

4.43 

2.02 

2.02 

:3.n2 

8.03 

3.38 

3.49 

3.44 

3.84 

3.97 

3.86 

4.30 

4.44 

2.»W 

2.9:3 

3.0(3 

3.04 

8.39 

3.50 

:3.45 

3.86 

3.96 

3.WJ . 

4.31 

4.45 

2.W 

2.95 

3.(H 

8.06 

3.40 

3.62 
3.5:3 

3.46 

8.86 

:3.0I» 

8.87 

4.32 

4.46 

2.«5. 

2.96 

3.06 

3.06 

3.41 

:3.47 

3.87 

4.00 

3.88 

4.33 

4.47 

2.tti 

2.97 

3.07 

3.07 

:3.43 

:3.54 

3.48 

8.88 

4.01  , 

3.89 

4.34 

4.48 

2.IJ7 ' 

2.98 

3.08 

3.1)8 

3.44 

3.55  ; 

3.49 

3.89 

4.(e 

3.90 

4.36 

4.60 

2.H8 : 

2.99 

8.09 

8.00 

8.45 

3.66 

3.60 

8.00 

4.04 

8.01 

4.36 

4.61 

H.W. 

3.W) 

3.10 

3.10 

3.46 

3.67 

8.61 

3.0s 

4.06 

ao2 

4.37 

4.68 

2.:(» 

3.01 

3.11 

3.11 

3.47 

3.60 

3.62 

3.08 

4.06 

8.93 

4.38 

4.68 

2.71 

:3.(I2 

3.12 

3.12 

3.48 

8.60 

8.63 

8.04 

4.07 

3.04 

4.40 

4.64 

2.72 

3.(0 

3.14 

;3.18 

3.49 

3.61 

3.64 

3.95 

4.08 

3.06 

4.41 

4.66 

2.73 

3.(V> 

3. 15 

:3.14 

3.50 

3.«2 

8.56 

3.06 

4.00 

8.06 

4.42 

4.87 

3.06 

3. 16 

3.15 

3.61 

8.6:3 

:3.66 

3.97 

4.10 

3.97 

4.48 

4.66 

If.  ti*.  ...... 

3.07 

3.17 

3.16 

3.53 

:^.6*  , 

:3.57 

3.98 

4.12 

3. 98. ...... 

4.44 

4.50 

2.7«s. 

3.Ui 

3.18 

3.17 

:154 

3.65 

:3.68 

3.99 

4.13 

3.00 

4.45 

4.60 

2.77 , 

3.09 

3.19 

3.18 

1 

3.55 

3.67  1 

3.59 

4.01 

4.14 

J 

4.00 

4.46 

4.61 

INSTRUCTIONS  TO  COMPUTERS. 
CJAGE   HEIGHTS. 

A  careful  insixjctioii  of   tabulated   ga^e  lieights   frequentlj'^  will 

reveal  errors  made  in  reading  the  rod  or  subsequently  introdu(^ed  by 

transcribing,  whicli  on  the  face  of  them  are  incongruities  or  physic^al 

impossibilities.     For  e.\amph%  take  the  accompanying  table  of  the 

low-water  flow  of  Coosa  River  at  Rome,  Ga.,  during  i)art  of  tlie  month 

of  October,  1801).     An  insiwction  will  i*eveal  at  once  that  tlie  gage 

October,  1S90.  lieight  for   ()ctol)er   11    is  to   be   viewed  with  suspicion. 

2 ^'^  Although  a  sudden  rise  of  1.^.30  feet  in  twenty-four  hours 

z.„ 30  might  be  expected,  at  this  low  stage  of  the  river  a  drop  of 

* *I  1  foot  in  the  next  twenty- four  hours  would   be   a  very 

5 30  *  •' 

6 .w  improbable   occurrence.     Upon   looking   up   the   original 

^ ?^  record  it  will  be  found  that  the  correct  gage  height  for  that 

0".!!!!.".   iso  ^^ay  is  1  foot. 

w 60      111  working  up  gage  heights  and  records  of  discharge 

jj '"  *gQ  measurements  computers  should  always  be  on  their  guard 

18 a-  .7(»  for  errors  of  this  nature,  although  the  data  bear  cheek 

14         -  .^  marks  or  initials  indicAting  revision.     In  cases  of  tkv&  VavA^ 
m!!I"—  .ao  the  stage  and  locality  of  tlie  tiv^t  ^^dlovsMl  \»  \»>sfij^  \»N» 
XBB  36—01 i 


METHODS   OF  STREAM  MKAsrREMENT. 


Moouunt,  for  a  fluatiitttion  Hiioilar  to  that  just  iUnstratwI  wonld  be 
qafte  (tliamctemtic  of  the  river  at  a  higher  Btage,  say  during  the 
spring-flood  neasnii;  or,  a^in,  it  would  be  entirely  compaiilile  with 
the  eiratii'  behavior  of  slreaius  in  the  arid  w^gio^ls,  as,  for  instant-e. 
Queen  ("reek,  Ariz.,  at  any  si-ni^on  of  the  year.  3Iany  errors  in  gage 
ruoding  arc  duo  t«  nbKorvers  mistnking  feet  for  tenths  or  tt^ntks  (or 
htiiidrttdthn.  A  ijureful  scrutiny  of  the  general  behavior  of  the  alrejim 
and  the  ext^rrise  of  ft  Utile  .indgmont  will  often  bo  found  fruitful  in 
dvtt.'riiiining  tho  true  reUttiuns. 


RATING  TABLES. 


i 


Rating'  ttilil<.-8  should  lir  iiuidc>inHllre8i>ectsts^imi>let<^.  TTieyshonli 
ootittiin  the  iliKchurges  for  tlio  lowest  as  well  hh  for  the  highest  gage 
htiglils  iK-eurring  during  tlw  (wriod  to  which  thoyare  applicable.  If 
the  gage  at  a  ntation  has  l«-en  rewl  to  tenths  of  a  foot  only,  the  dis- 
chai-ge  in  the  rating  table  «hnuld  be  given  for  every  tenth,  and  where 
gage  readings  art!  carrier)  out  to  hnndredtha  of  a  foot  the  rating  table 
should  give  values  fur  eaeh  luLlf  tt-nth.  In  applying  rating  tables  nf 
the  latter  clasw  the  page  readings  are  mentally  redueeil  to  the  nearest 
half  tenths  and  the  corresponding  discharge  values  are  taken  from 
the  rating  table.  This  applies  to  all  rivers  and  creeks,  with  the 
exception  of  siiiall  streams  and  canals  the  observations  on  which  haw 
been  made  with  special  care,  In  which  cases  the  rating  tables  shtinld 
l»e  ronatruoted  to  funush  values  for  Hingle  hundredths. 

In  eouBtmoting  rating  tables  great  stress  is  laid  on  the  neeesaifv  nf 
j.v.)i<liii;r  tlif  ocennvnci-  of  iieiriilive  seei.ud  <liir.TCn<-.>s.  Tli.MmT.- 
iTi.'nts  of  till'  difffiviices  h.'twwn  l!ir  dis.-liiirgos  of  siic-.-ssiv.-  iii.'iv;,- 
ing  gage  hi'ights  iiiay  vary  fmiii  a  givi'u  qniiiilily  down  tn  Ki'm,  as  in 
the  ease  oC  ;i  rating  oiirvo  changing  into  a  straight  line,  hut  in  im 
instance  ."lioiild  Ihe  valui's  ol"  these  incivnieiils  or  seeund  difl'iMTiiri-^ 
become  negative,  implying  the  occurrence  of  a  roversi'  <-iij-vi>  in  any 
portion  of  a  rating  curvi'.  Altliougli  theoi-etically  not  iiiipossilili-,  ilu- 
occunvnci'  of  a  rcvi-rse  ciirvi'  is  only  admissible  under  certain  pcr^n- 
liar  local  condiliiiTis  existing  in  the  stream  channel  at  or  ii.'ai'  lli-- 
gagitig  statitm,  condition.s  which  an' generally  avoitled  in  e.-itablij-liin:; 
stations. 

AVKKAilES.  RrX-ilFFS.    ETC, 

(in-at  can'  slionld  be  exi-rciscd  in  ohtaininyr  the  mean  monthly  fin« 
iii  .sccoTid-feel  to  divide  the  total  for  a  niontli  hy  Un  'irfnni  u.u,il-- 
"f  'i'lijfi  rviivihil  hi  llitit  iiiiiiilh,  i.  e..  not  necessarily  liy  the  total  num- 
ber of  days  in  the  montli,  I'S,  l'H,  :!0.  or  :J1,  as  tin-  ea.fe  may  be,  bntliv 
the  number. .f  days  f.n- which  the  gage  heigiitsaiv  given.  OniissioM- 
in  gage  i-eadiisgs,  due  to  a  variety  of  causes,  give  I'ise  to  frequent  gap- 
in  the  records,  and  those  should  not  escape  the  attention  of  tlio 
eoinptifer.     From  the  mo\it\\\y  \Hei\iis  or  iiverages  so  obtainetl  are  cmui- 
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>uted  the  run-off  per  square  mile,  the  run-off,  in  inches,  on  the  water- 
hed,  and  the  total  numl^er  of  acre-feet  for  the  month.  In  case  of 
Tactional  months  or  incomplete  reconls  the  monthly  average  should 
)e  treated  as  the  average  for  a  full  month  whenever  the  character  of 
■he  partial  record  is  such  as  fairly  to  represent  the  flow  of  the  river 
luring  the  entire  month. 

Thus  an  incomplete*  record  of  flow  for  a  month  during  the  low-water 
season  may  in  most  cases,  without  appreciable  error,  l>e  given  the 
ffeight  of  a  full  record,  and  the  average  inin-offs  and  aci*e-feet  be 
reated  accordingly.  On  the  other  hand,  a  gap  of  six  days  in  the 
lecord  for  a  high-water  month  may  frequently  mean  the  omission  of  a 
urge  flood,  i)erhaps  too  large  to  be  measured  and  recorded,  and  the 
unount  of  water  discharged  during  those  six  days  may  have  equaled 
ihe  total  discharge  of  the  river  for  the  remainder  of  the  month.  Con- 
lideriiig  the  mean  of  such  a  record  as  the  mean  for  the  entire  month 
ifoold  evidently  introduce  here  an  error  of  lOU  per  cent.  In  such  a 
iasethe  proper  method  of  procedure  is  to  cominite  the  run-offs  and 
lere-feet  for  the  exact  number  of  days  recorded,  and  insert  a  foot- 
note stating  the  number  of  days  that  they  represent. 

Again,  four  or  five  readings  taken  at  intervals  during  a  winter 
Qonth,  when  the  river  is  paHly  frozen  and  \t»  flow  practically  devoid 
*f  material  fluctuations,  will  be  ample  upon  which  to  base  general 
gores  of  run-offs  and  acre-feet.  The  mean  in  such  a  ease,  however, 
111  not  be  the  arithmetical  mean  of  the  four  or  five  records  available, 
ut  an  approximation,  in  round  numbei's,  to  that  arithmetical  mean, 
leh  a  figure  should  always  l)e  accomimnied  by  a  footnote  stating 
at  it  is  approximate. 
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